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PREFACE TO THE ENGLISH EDITION 


Three years have elapsed since the publication of Professors 
Laveran and Mesnil’s ‘Trypanosomes et Trj^panosomiases.’ When 
the work appeared it contained practically all that was known about 
the subject at the time; consequently, it has been an indispensable 
book of reference to all subsequent investigators in this particular 
branch of pathology. During the past three years a great deal of 
work has been done in Europe, Asia, Africa, and America upon the 
life-history and development of the trypanosomes, as well as upon 
the trypanosome diseases of man and the lower animals. The great 
activity in this direction is, no doubt, largely due to the stimulus 
given by the discovery (made in 1903) that sleeping sickness is a 
stage of human trypanosomiasis — in fact, that it is a human tsetse- 
fly disease. 

This large output of original work— over 200 new references to 
recent papers are given in this edition — has made it necessary to do 
more than merely publish a translation of the original book. The 
work has been brought thoroughly up to date, considerable additions 
being made to practically every chapter. All such additions are 
enclosed within square brackets [ ], and for the added matter I 
alone am responsible. Among the most important additions may be 
mentioned : The spirochetes; the Leishmaii- Donovan body; several 
new trypanosomes of small mammals, birds, Batrachiaris, and fishes ; 
recent observations on the occurrence of flagellates in tsetse-flies, 
mosquitoes, leeches, etc., and the possible relation of these parasites 
to the sexual forms of the trypanosomes of vertebrates ; the recent 
observations upon: the prevalence of human and animal trypano- 
somiases in various parts of Africa and in Asia ; many facts iik con- 
nection with human trypanosomiasis ; and the microscopic changes 
found in the central nervous system in sleeping sickness and in 
dourine. A new chapter has been written on the ‘ Treatment of the 
Trypanosomiases.’ 

The result of incorporating all the latest information has been to 
increase the work by.^iore than one half the original size ; but by the 
use of a larger page, and the rather free use of closer type for a con- 
siderable portion of the added matter, the book contains only 100 pages 
more than fhe original. The labour involved in carrying out the 
Mjorlj has been very great — far greater, indeed, than I anticipated 
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when I began the translation. The excellent abstracts by Mesnil in 
the Bulletin de VInstitiit Pasteur of practically all papers dealing with 
trypanosomes have been of considerable assistance to me, and have 
rendered my task somewhat lighter than it w’ould otherwise have 
been. I am greatly indebted to Professor Mesnil for permission to 
quote from these abstracts, and I have done this in several instances, 
due acknowledgment being made in the text. 

I wish to acknowledge my indebtedness to many English and 
foreign periodicals, more particularly to the various reports of the 
Sleeping Sickness Commission of the Royal Society; the Comptes 
Rendns des Seances de V Academic des Sciences^ and of the Societe de 
Biologic; the Annales and the Bulletin de Vlustitut Pasteur; the 
Journal of Infectious Diseases; the Thompson Yates and Johnston 
Laboratory Reports ; the Lancet and the British Medical Journal ; 
the A rbeiien aits dem kaiserlichen Gesundheiisamte ; and the Central- 
blatt fiir Bakteriologie, 

My thanks are due to all who have kindly helped me during the 
progress of the work, especially to the authors for sending me copies 
of their own papers, as well as of those of their pupils, and for the 
interest they have taken throughout ; to Dr. A. C. Stevenson for 
drawing many of the new illustrations ; to Professors E. A. Minchin 
and F. G. Novy and Drs. Mott and G. Martin for sending me copies 
of their publications ; to Professor L. Brandin, Dr. G. C. Chubb, 
and Messrs. E. E. Austen and W. G. Hartog for constant help ; and, 
lastly, to Mr. Wilfred Trotter and Dr. H. M. Woodcock for much 
valuable criticism and help in reading the proofs. My thanks are 
also due to the publishers for the patience they have shown during 
the delayed production of the work, and for their invariable courtesy. 

In conclusion, I can only hope that this amplified English edition 
may be as favourably received as was the original, and that it may 
prove as useful to subsequent investigators ; I shall then not have 
laboured in vain. 

DAVID NABARRO. 

University College, London, 

Jufy , 1907. 
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AUTHORS’ INTRODUCTION 


In 1S92 one of us was able within the compass of .a short article 
in a medical journal^ to give a resume of our knowledge of the 
Tr5'panosomes. To-day it requires a whole volume to relate all 
that is known about these hcematozoa and the diseases to which 
they give rise. 

The subject of the Trypanosomes and the Trypanosomiases has 
grown very considerably during the past twelve years. In 1892 
the existence of trypanosomes had been demonstrated in several 
of the lower animals, but the morphology of the parasites was little 
known^ and only one pathogenic species had been described — namely, 
that which produces, especially in the Equida*, tlie disease known as 
surra in India. 

In recent years numerous investigators have devoted themselves 
to the study of the tr^'panosomes. Methods of staining, preserving, 
cultivating, and inoculating the parasites into a number of different 
animal species have made immense progress; questions of mor- 
phology have been elucidated ; and, finally, successive discoveries, 
of the greatest interest and importance have shown that trypanosomes 
play, in veterinary and in human pathology, a part the importance 
of which was hitherto unsuspected. 

In addition to surra, it has been found necessary to include 
successively amongst the animal trypanosomiases the following 
diseases : nagana, or tsetse-fly disease ; mal de cadcras ; dourine ; 
galziekte (gall-sickness) ; a disease amongst horses in the Gambia 
Colony ; and several other African trypanosome affections, of which 
the study is still incomplete. The importance of surra itself has 
increased, on account of serious epidemics of the disease in 
Mauritius, Java, and the Philippines outside its endemic area. ' 

The discovery of a human trypanosomiasis in Africa — a 
trypanosomiasis to which must undoubtedly be attributed the 
symptoms known for more than a century under the name of 
sleeping sickness — has shown that trypanosomes must henceforth 
take thei( place amongst the pathogenic agencies, w^hose study is 
as indispensable to the physician as to the veterinary surgeon. 

In 1892 trypanosomes had little interest for practitioners outside 
certain re^ons of India where surra was prevalent. This is no 
1 A. Laveran, AnVi, /nrd. experim,^ March i, 1892. 
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longer the case. It can now be said that trypanosomiases are 
amongst the most widely distributed of diseases. The importance of 
the trypanosomiases cannot be too much impressed upon veterinary 
surgeons. All practitioners, as well as all veterinary surgeons, may 
be called upon to diagnose cases of trypanosomiases, even away 
from their endemic areas. 

The extension of the colonial empires of European nations in 
Africa, the means of rapid transport, and the growing facilities for 
ocean travel, will undoubtedly favour the spread of human trypanoso- 
miasis, of which a certain number of cases have already been observed 
among Europeans. 

On the Congo and in Uganda the invincible progress of sleeping 
sickness has been evident for several years. 

As to the animal trypanosomiases, the danger of their spread 
from the endemic areas is proved by a number of facts. This 
danger is increased by the development of commercial intercourse 
and the transportation of animals by sea, and also by the fact that 
the trypanosomiases of cattle and horses often run a slow and 
insidious course. 

The serious outbreak of surra which has recently afflicted 
Mauritius is a notable instance of the ravages which certain trypano- 
somiases can cause, when prompt and energetic measures are not 
taken to prevent their spread. 

In two years (1902-1903) the people of Mauritius lost nearly all 
their draught animals (horses and mules) and a large number of their 
cattle. The nature of the disease having been unrecognised at the 
outset, it is easy to see how the animals, scattered over the whole 
island, rapidly caused the spread of the infection. In Java more 
energetic prophylactic measures succeeded in limiting the extent 
of a similar outbreak. [Animal trypanosomiases also occur in the 
Philippines, and quite recently have been recognised in Hong Kong.] 
So far as the French possessions are concerned, these diseases have 
been already noted in Algeria, Tonkin, Cochin China, French Guinea, 
and the Sudan. Moreover, the fact cannot be ignored that Rdunion 
and Madagascar are seriously threatened. 

[Most of the British possessions in Africa, as well as India and 
Burmah, are similarly smitten by these animal trypanosomiases — 
parts of Cape Colony, Natal, Orange River Colony, and Transvaal ; 
British Central Africa, Uganda, and the East African Protectorates ; 
the River Gambia Colony, Sierra Leone, and Nigeria.] 

For several years we have been studying the trypanosomes. 
It appeared to us that the time had come to collect and to condense 
the numerous publications on the subject, in order to lessen the 
labour of investigators, who must find it increasingly difficult to 
procure the monographs written in all languages, or the articles 
scattered throughout a large number of journals. Moreover, it is 
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impossible to get these references in the small stations in onr 
colonies, where the study of the human and animal trypanosomiases 
is so essential at the present day. 

It might have been wiser perhaps to wait some years before 
writing this book. Our knowledge of the trypanosomes is still 
incomplete, and we are justified in believing that the rich harvest 
of discoveries concerning these haematozoa made during the last few 
years is not nearly completed. Science, especially natural and 
medical science, is always undergoing evolution, and one can never 
hope to have said the last word upon any branch of it. The only 
aim in writing a book such as this, is to gather together facts known 
at the present time about a special subject, and to facilitate the 
study of that subject by future investigators. 

We have been particularly fortunate during our researches upon 
the trypanosomes. We have succeeded in getting together at the 
Pasteur Institute in Paris an almost complete collection of try- 
panosomes, and we have been able to study them, not only in 
stained preparations, but also in the living state, which has enabled 
us to follow the evolution of the trypanosomiases in a large number 
of species of lower animals, to compare the trypanosomes in them, 
and to differentiate several species which had hitherto been confused. 
The trypanosome of the rat, which is found almost everywhere, is an 
excellent one to study. We used it in our earliest researches upon 
the morphology and biology of trypanosomes. Wc have succeeded 
in procuring successively the trypanosomes of nagana, dourine, 
surra, mal de caderas, a disease amongst horses in the Gambia 
Colony, mbori, and human trypanosomiasis of the Gambia Colouy 
and Uganda. 

Further, we have been able to study the trypanosomes of birds, 
Batrachia, Chclonia, and fishes. We have described several new 
species of trypanosomes, notably amongst salt-water fishes, and we 
have found a trypanosome in a fresh-water fish — the red-eye — which 
has enabled us to establish the existence of a new genus, the genus 
Trypanoplasma. 

The study of the trypanosomes, or at least of some of them, 
presents considerable difficulties. Several mammalian trypanosomes 
resemble one another so closely that it is impossible to distinguish 
them by their morphological characters alone. This applfes to 
the trypanosomes of nagana, surra, dourine, and sleeping sick- 
ness. Moreover, trypanosomes belonging to distinct species may 
present close analogies from the point of view of their pathogenic 
action on certain animals. On the other hand, the virulence of a 
trypanosome is influenced by various factors. It varies specially 
with the origin and^race of the animals inoculated. A trypanosome 
only slightly virulent for a species of animal from the Sudan, for 
example, may be very virulent for the corresponding European 
species. Also the same trypanosome may present slightly different 
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morphological characters in the blood of different species of animals. 
It follows, therefore, that it may often be difficult to identify a 
trypanosome; ^nd- on that account several of these haernatozoa still 
lack identification. 

Some observers have maintained that the names surra and nagana 
referred to the same disease, while others have sought to identify 
mal de caderas with surra. On the other hand, it was believed for 
some time that the trypanosome found in the blood of man in 
Gambia was different from that found in Uganda in the cerebro- 
spinal fluid of sleeping sickness patients. At the present day there is 
a little uncertainly about the nature of several African trypanosomes 
— notably that of the epizootic disease amongst dromedaries in Tim- 
buctoo, which has been described under the name mbori? 

To identify a trypanosomiasis one must take into consideration : 

(1) the morphological and biological characters of the trypanosomes ; 

(2) the sj'rnptoms of the disease as it occurs naturally ; (3) the 
pathogenic action on different mammals; and (4) the action of 
the particular trypanosome upon animals immune against allied 
species of trypanosome. In this way we have succeeded in showing 
that nagana, surra, and mal de caderas are three distinct morbid 
entities ; that the trypanosomiasis of horses in Gambia has nothing 
in common with the human disease ; and, lastly, that the Trypano- 
soma ganibiense and Trypanosoma ugandensc should be regarded as 
identical. 

Nocard and Ligniercs have shown in the same way that dourine 
is distinct from nagana and from mal de caderas. 

In certain trypanosomiases and amongst certain species of 
animals the parasites are very scanty in the blood and body fluids, 
a fact which greatly increases the difficulties of investigation. In 
animals with dourine it is rare to find trypanosomes in the blood, 
whereas they are met with in large numbers in the oedema fluids. 
In sleeping sickness it is often necessary, in order to demonstrate 
the presence of trypanosomes, to centrifuge the blood or the cerebro- 
spinal fluid obtained by lumbar puncture. 

The paucity of the parasites in the blood does not preclude their 
pathogenic action. In addition to dourine and human trypano- 
,somiasi;3, animals may succumb to other trypanosomiases even when 
the parasites are very scanty in their blood. In this respect there 
, are great differences amongst mammals. The trypanosomes of surra, 
rtiagana, and mal de caderas swarm in the blood of infected rats, 

. * mice, and dogs, whilst they are scanty, or very scanty, in the blood of 
vdufected rabbits, goats, sheep, and cattle. Although the trypanosomes 
.appear to multiply with difficulty in these animals, the infection is 
^ ndtie the less seriou=?. Surra, nagana, and mal de caderas always 
cause death in rabbits. 

^ fit has 'recently been shown by Laveran that mbori is mereW a variety of 
furra. See Chapter VI.] 
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We know how the majority of the trypanosomiases arc spread. 
Tsetse-flies convey nagana and human trypanosomiasis. Other 
biting flies convey surra and gall-sickness, whilst dourine is trans- 
mitted by coitus. 

Prophylactic measures based on these aetiological data can render, 
and already have rendered, great service. 

Our knowledge as to the treatment of trypanosome diseases is 
less advanced. It is especially to that aspect of the subject that 
future investigators should direct their efforts and attention. 

Professors . Nocard and Vall^ have been good enough to com- 
municate to lis the results of experiments upon the different trypano- 
somiases carried out at the Veterinary College at Alfort, parallel 
with those which we carried out at the Pasteur Institute, and with 
the same parasites. These communications have been a great help 
to us. We should much have liked to express our sincere thanks to 
Nocard, but unfortunately we can only deplore the untimely death 
of this indefatigable worker — our devoted friend. 

Professor Vall6e is kindly continuing the valuable co-operation 
which we have been accustomed to find in the college at Alfort. We 
ask hirn^to accept our best thanks. 

Paris, i, 1904. 
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HISTORICAL— GEOGRAPHICAL DISTRIBUTION OF 
THE TRYPANOSOMIASES 

Under tlie general rianie Trypanoaomes are included organisms 
belonging to the class J^'la^cllaiii, of the pliyluin Proiorjoa, charac- 
teriifcd by the possession of a fusiform body, more or less elongated ; 
with, at its anterior extremity, a flagellum, which is continued along 
the body of the parasite as the thickened edge of an undulating 
membriinc. In some cases there is a flagellum at both ends. All 
the known species of typical trypanosomes have their normal habitat 
in the blood of vertebrates. 

We shall designate under the name of the Trypanasoniiascs^ those 
human and animal diseases produced by certain of these trypano- 
somes. Kveryone agrees in ascribing to Valentin of Berne the 
discovery of the flrst trypanosome, observed by him in the blood of 
the trout {Salmo fario) in i(S4i. In 1842 and 1843 appeared papers 
by Gluge of Brussels, Mayer of Bonn, and Gruby of Paris, upon the 
trypanosome of frogs. It was for those parasites of the frog that 
(iruby introduced the name Trypanosoma (from rfivirat^oi/, irupanon, 
a wimble or borer ; and awini, soma, body). 

Between 1843 ^nd 1880 our knowledge of the tr\panosomes 
made but little progress. They were rediscovered and studied anew 
at varying intervals in the blood of l^atrachia (Wcdl, 1850 : (?haussat, 
1850; Ray Lankestcr, 1871; Riittig, 1875) and of various fishes 
(Remak, 1842; (iros, 1845: Berg, 1845; Chaussat, 1850). It is 
possible that Gros and Wcdl had seen them in birds, but this is 
doubtful. Cxros, in 1845, found trypanosomes in the blood of the 
field-mouse and mole; Chaussat, in 1850, found them in the black 
rat. But jittention was only effectually drawn to the trypanosomes 
of mammals by the \vork of Lewis (1878) on the parasites of the 

^ [brumpt has suggested the name ‘ irypanosomosis ’ for the disease due to a 
trypanosome, which agrees with the nomcncUtuve of other protozoan diseases — 

piroplasmosis, coccidiosis, etc.] 
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blood of rats in India. The reason is that Lewis’s discover}^ preceded 
by a short time that of the first truly pathogenic trypanosome. 

It is a fact which at first sight may seem remarkable that the first 
pathogenic trypanost^rne was only discovered in 1880, forty years after 
Valentin’s discovery. But one must remember that trypanosome 
diseases arc essentially tropical in distribution, and that the study of 
them was taken up only during the last (juarter of tlui last century. 
I'roin 1880, the date of the discovery by Evans ^ of the trypanosome 
of surra amongst heuses and camels in India, down to 189.4, the 
date of tlie discovery by Briicc of the trypanosome of nagana amongst 
horses and cattle in Zululand, apart from some experiments upon 
the artificial reproduction of surra, investigations were confined to 
the non-pathogenic trypanosomes. 

Our knowledge of these different parasites was enriched by the 
researches of Lewis (1884), C'rookshank (1886), Danilewsky and 
Chalachnikov u888), ujKui the trypanosomes of rats ; of Danilewsky 
(1888) on those of birds ; of Danilewsky (1885), Chalachnikov, 
Mitrophanov (188 p, on tliose of Batrachia and lislu;s. The most 
important amongst those researches arc certainly those of Danilewsky, 
who studied at the same time the intracorpuscular luernatozoa of 
reptiles, and especiall}' those of birds, which are so closely Mlied to 
that other pathogenic Proto/oon, the malarial parasite. But the 
knowledge of the trypanosomes ac(|nircd was limited to the difliTont 
aspects of the parasite in tlie living state, and, in the case of some of 
them, to certain details concerning their mode of ecpial or nncfjual 
longitudinal division. 

A resume of the state of our kftowledgt' towards the end of 
that period will be found in an article written by one of us in 
March, 1892/’ with the object of bringing into ju'ominence the 
interest of those researches upon the trypanosomes. In the writer’s 
opinion, these researches ought to be undertaken side; by side with 
those of the endoglobular hfeinato;«()a of the type ol the h;emato- 
/oon of malaria. 

During the last twelve years our knowledge of the trypanosomes 
has increased by leaps and bounds. Two notable investigations 
should bo mentioned as the starting-point of this forward movement: 

Fi'i;:rt, the remarkable paper by Bruce upon nagana in Ziiliiland, 
which appeared in exienso in 1897, and [)roved conclusively the 
role played by a tiypimosome in this disease, and at the same 
time cleared up the a;tiology (the role of th«? tsetse-flies; the big 
game as reservoirs of the virus). Moreover, it was through Bruce 
that the lirst patliogenic trypano.some was introduced into the 
laboratories of Europe, where it lias given rise to innumerable 
investigations which have materially increased our knowWdge. 

Wl is intorcsling lo note that tlie jiubliauion of this discovery, made on 
December 3, 1880, followed by about a week that of tlic malarial parasite 
{‘.November 23, 1880). 

^ A. Laveran, Arch, mtUi. cxpt'r,^ March i, 1892. 
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Next should be mentioned the work of Rabinowitsch and 
Kemymer, published in 1899, trypanosome of rats. Here for 

the first time the cytolof^ical stud\- of a trypanosome was made. 
Those authors showed that satisfaclor\' results are obtained onl\' by 
employing those methods which had just been shown to succeed 
so well with the intracor[)uscular Intunatozoa — namely, a suitably 
combined mixture of eosin and methyleiu? blue.* It is true Rabi- 
nowitsch and Kempner from their earlier work ditl not arrive at 
unassailabhi conclusions ; and the researclies carried out in 1900, 
first by Wasielcwski and Senn and later by ourselves, ha.vti intro- 
duced corrections into the morphological work of Rabinowitsch and 
Kempner. Mut to these investigators iindoubteilly must be given 
the r'redit of having inaugurated the cytological study of the 
trypanosomes. 

We b(.'Ii(wc we were the first to give a precise cytological account 
of the pathogenic tryiianosomes, and to describe in detail their mode 
of longitudinal division into equal parts, with figun's illustrating 
these changes. (.)ur results have all been confirmed and cxitauU^d 
by our own further researches and by tluj work of others on the 
pathogenic trypanosomes, as well as upon the non-pathogeiiic 
trypanosomes of the Ratrachia, fishes, reptiles, and birds. During 
the progress of our researches we discovered in the blood of a fresh- 
water fish— -the rudd or n^d-oye — a trypanosome having, amongst 
other peculiarities, a llagellum at each (extremity of its body. In 
Chapter HI. we shall dwell inon* fully upon its morpliological 
interest. We may add that closel)'-allied organisms have recently 
been found in the blood of the carp and minnow,- and that they 
appear to be pathogenic for these fishes, binally, in comuxdion 
with the tr3'panosoines themselves, we have the interesting discoveiy 
made in 190;^ by Now and McNeal, who obtained pure cultures in 
a blood-agar medinm, first of the rat trypanosome and later of the 
nagana parasite. 

Rut it is especially in the discovery of the trypanosome diseases 
in man and the lower anitnals that the last decade was so prolific. 
We shall enumerate in the chronohjgical order of the discovery of 
their causal agent all the trypanosomiases known at present, with a 
general survey of their geographical distribution (for the Animal 
Trypanosomiases, see I"ig. i ). 

Surra y the tr\'paru)Some of which was discovered in i8(So by Rvans, 
is very prevalent among the Kquid;c and C^llmclid^e ot the provinces 
of Northern India, Rombay, Rurmah, Southern Cliina, and various 
parts of French Indo-China. It has also been described in Sumatra, 
Java, and ^le Philippines. [Trypanosomiases identical with, or closely 
allied to, surra have been found to occur in various parts of Africa.] 

^ Ziomann, since ICS9S, hail thus slained die two chromatic masses in the 
trypanosome of the fn;g. 

- [In Chapter XVII. will be found the names of other fishes in which shnilar 
parasites occur.] 

I — 2 



4 TRYPANOSOMES AND THE TRYPANOSOMIASES 

In India cattle are but slij^htly affected. On the other hand, 
during the past four years surra has cailsed a heavy mortality 
amongst the cattle in Central Java, and for three years amongst 
those in Mauritius. 



a disease closely resembling it, appears to be associated 
.vith the presence of one or more species of tsetse-fly. Since Bruce’s 
discovery the trypanosome has been found in many parts of Africa 
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where fly diseases are prevalent: in Northern Transvaal ; amongst 
cattle in German East Africa; cattle and horses in l^ritish East 
Africa; dromedaries in Ogaden ; cattle, sheep, and donkeys the, 
Belgian Congo territory; various mammals in the Camcroons ; 
horses and cattle in Togoland ; horses in Nigeria, French Guinea, 
and the valley of the River Shari ; and amongst the dromedaries and 
cattle iji I'irnbiictoo. 

Perhaps there are several distinct diseases in the areas just 
enumerated. 

In the Gambia Colony there is also a trypanosome disease 
affecting horses, discovered in 190 } by Dutton anti Todd, which is 
undoubtedly distinct fioni the nagana of Zululaiul. 

In I1S94 Rouget found a trypanosome in the blood of a horse 
suffering from douriuc in Constantine, in Algeria. This discovery 
was confirmed in 1899 by Schneidtu* and Buffard, who proved con- 
clusively the causal relaticm of the trypanostune to the disease, 
d'liis trypanosomiasis, known also by the namti t>f mat tin coll (for so 
far as is known it is conveyed only by coitus), attat'.ks only stallions 
and brood mares. It occurs along the African and Asiatic shores 
of the Mt'diterranean, in Persia, and in Turkey;^ eases are still 
occasionally met with in Ilungnry and the North of Spain. It 
occurs also in the United Stabjs, in tluj region of the Illinois, and 
possibly, too, in Java. 

In Algeria dourine is apparently ikjI the only trypanosome 
disease which attacks animals. Ouite recently trypanosomiases 
amongst horses and dromedaries have been descril)ed, diftering from 
<louririe both in their inode of [nopagation, which is not by coitus, 
and by the characters of their respective trypaiuisomes. 

In 1901 Klmassiaii, director of the Bacteriological Institute at 
Asuncion, Paraguay, discovered a try})anoson]e in the blood of 
horses wath nuil dc aidtriis (disease of the hind-(|uarters). '1 his 
<liscase is pnivalent over the whole of the Gran Chaco, the hunting 
and cattle-rearing district, and over the adjacent parts of the 
Argentine, Uruguay, Paraguay, and Bolivia. Mai de caderas has 
also been recognised further north, in the 15 ra/ilian province of 
Matto-Grosso. 

In 1902 Theiler discovered in the 'Transvaal a disease peculiar to 
cattle — or gall-sickness, due to a try|)anosome which BVuct) 
and Laveran have desi:ribed, at the same tinu'. drawing attention to 
its unusually large si/e. ['This disease has since beiui described in 
other parts of Africa and in Transcaucasia.] 

Until 1920 it was thought that the trypanosome diseases were 
confined to the lower animals, and that man was immune. In 
support of this hypothesis, nagana and other allied fly diseases of 
horses and cattle were frequently cited as having never attacked 
man, although he had often been bitten by the fly. 

^ [l^oiirine occurs also in India, where it has recently been studied by Lingaid 
find ^’thers. (See Chapter X.) | 
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The researches of the past five years have clearly shown the part 
plajed by trypanosoines in human pathology. Towards the end 
of ifjor Dutton discovered a new trypanosome in the blood of a 
European resident in tlie Gambia Colonx' who was suffering from 
irregular pyrexia and enlarged spleen.^ This discovery of a trypano- 
some pathogenic for man was soon confirmed in tlie Gambia ('olony 
by Dutton and Todd, and elsewhere (Congo, Uganda) by others. 

In May, 190J was published the important discoxery by Castel- 
lani in Uganda of a trypanosome in the cerebro-spinal fluid of 
negroes suffering from sleeping sickness. ddiis discovery xvas 
S[)eedily confirmed by Bruce and Nal)arro, xvho ch'arly demonstrated 
the intimate association IxUxx'oen this trypanosome and sleeping 
sickness. It has l)Ocn recognised, moreover, that this tiypanosome 
is idt?iitical xvith that discovt^red in ir^or by Dutton [and Forde]. 
vSleoping sickness is merely the final stage of a blood infection xvith 
trypanosomes. 

This human tryi)anosome is conveyed by a particular species 
of tsctsc-ily. riiiman trv[)anos(.tmiasis has the same geographical 
distribution as sleeping sickness--th(! x*alleys of West Africa from 
the Senegal down to St, Paul de Loanda, ;ind the northern shores of 
the Victoria Xyan;'a. (See special maj), Chaptiu' XII.) 

This rapid resume slioxvs clearly the importance of the trypano- 
some diseases. Their elucidation is, therefore, one of the i»]^i)ortant 
problems of colonial expansion. The experimental study of the 
various trypanosomiases has already led to very important results, 
xvhich xvill he found in detail in this book. 

Unfortunately, xve have progressed very little so far as prevtailion 
and treatment are concerned. It is not possible to inoculate 
against these diseases, (jraduated treatnumt xx ith arseni(‘ leads to 
an improvement in the condition of animals or human beings 
suffering from trypanosenniasis, but a cure, has nex'er been effec'ted. 
‘Trx panrot' of Ehrlich and Shiga has hitherto cured only mice 
inoculated xvith the trx panosome of mal dc caderas. Serum-therapy 
has (urnished a result interesting fr(.)m a theoretical point of view, 
bnt not of i)ractical value — namely, the action of human serum upon 
the animal trypanosomes. 

[During the past fexx years some progress has been made in the 
preventive inoculation of animals, and the recent investigations of 
Eaveran upon the action of arsenic and trypanred combined, of 
iVIesnil and Nicollc and of Thomas upon the action of x^arioiis dyes 
and •:>{ an arsenic coinpoiiiul (atoxyl), mark a distinct advance 
in the prevention and treatment of the trypanosomiases. (See 
C:hai>t(:r XI 1 1 . on ‘ Treatment.’).) , 

' [It would seem that Forde first disrovored the parasite iti hlood-filins, but 
tliat hutiou !f?« o;.inis(:d its ('hanuacT. (See chapter on Hiiinan Trypanosomiasis.)] 
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TICCHNigCE FOR THK STUDY THIC 
TRVPANOSOMICS 

Section 1. Examination in the Living* State. 

T(i study the trypiiiiosonies in fresh blood, a drop of blood from an 
infected animal is nec<;ssar\'. In the case of a mammal tliis is 
obtained from a prick or small incision in the ear, (.^r, in the case of 
rats and mica.', from the end (T the tail. In birds prick one of the 
veins on the internal surface of the wing ; in tlic case of reptiles 
take, the blood from the <;;xtremity of the tail or from a digit : in 
I:>atrachia cut a digit of one of the limbs, jireferably the thumb of an 
anterior limb; finally, in fishes cut one or two rays of the caudal 
fin, or make a small cut in the gills. 

'fhe dr<)p of blood is taken on a slide and covered with a C(.)vei- 
slip. T<.) stud}' the structure of the parasites the blood should be 
ill a thin layer, otherwise the trypanosomes may be entirely hl<lden 
by the red corpuscles. The mov<nTient which the trypanosoin.es 
impart t(^ the red cori)Uscles enables one to rec'ognise the presence 
of the paiasites with very slight magnification (too diameters) when 
tlu;y are nnmorous in the blood, and it facilitates finding them, with 
.greater magnilication (j«)0 or 400 dianuiters), when tlie}^ are scanty. 
In the latter case, if one wishes merely to ascertain the presence of 
the parasite in the blood, it is bettor to take a relatively thick lilni 
of blood, so that the corpuscles form an apparently uniform layer 
by being pressi'd one against the other. With a litthi practice the 
presence of trypanosomes can be recognised by tile rotary move- 
iiKMits imparted to the adjacent corpuscles. In this way one has the 
advanta.ge of examining a relatively big drop of blood. 

In doubtful cases, especially if a microbiological diagnosis of 
a trypanosome is rc(piir(xl, it may often be necessary to examine 
successively several blood preparations, and even to re}it*at the 
observation several days afterwards, so long as the examination 
is negativ^r in the case of ruminants suITering from nagana 

or surra ; men and various inamnials infected with the human 
trypanosome). 

To facilitate the finding of tiypanosonies in the blood, Kanthack, 
Durham, and Blaiidford advised centrifuging the blood rendered 
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iincoagulable (as by the addition of sodium citrate solution). The 
trypanosomes are found in the middle or leucocytic layer.^ 

In the case of dourine, we shall sec that it is the blood-stained 
(edema fluid which should be examined. In sleeping sickness the 
blood and the cerebro-sj)inal fluid obtained by lumbar puncture 
should be examined for trypanosomes after centrifuging. 

When it is desired to watch the parasites for a considerable 
time, it is necessary to make hanging-drop preparations ringed with 
vaseline or paraflin. Such preparations are very useful, especially for 
studying the phenomena of agglutination. The blood is diluted with 
physiol(.)gical salt solution and then detibrinated, or with citrated salt 
solution to prevent coagulation, or with scrum from another animal, 
b'rancis,- for Trypanosnina Icalsi, advises letting tht‘ bliM^d coagulate : 
the trypanosomes pass out into the serum, where they can be 
studied aj)art from the red corpuscles. G(uicrally at the. end of an 
hour in an ordinary slide and coverslip preparation, or a little longer 
in the cas(^ of a hanging droj), the try|)anosomes become less active, 
and one is then able to study their shape and the movements of their 
various parts rnc^re in detail. 

In order to reduce or arrest this movetment of the trypanosomes, 
Plinuner and Bradford ’* recommend adding a drop of a i per cent, 
solution of gelatine (or of a weak solution of cherry-gum] to the 
blood. 

Section 2. - -Staining* Methods. 

In the fresh state tlu^ general form of trypanosomes, their move- 
ments, and the action of physical and chemical agents upon them, 
can he sturlied. In order to obtain, however, a clear idc^a of their 
intimate structure, it is essential to study pre[)arations stained by 
a special method — namely, a mixture of tiosiii and methylene blue 
in definite proportions. This mixture w^as fust used by Romamwvsky 
for staining luemato/oa (the malarial parasite). It was ai^plied to 
the staining of try])anosomcs in 11898 by Ziemann,* who thus stained 
the nucleus and centnxsome in the tr) panosoine of the frog. The 
following y(?ar Kabinow itsch and Kcmpiier ' stained T. IcuAsi by this 
method; l)ut the most beautiful results were obtained in i()(X) by 
Wasielewski and Seiin,*' also \vith 7\ Ich'isi. I'hey used Noebt’s 
modification of Romanowsky’s method. 

The following method^ has given us excellent results: 

’ Wo found this melh<3d useful iu oollcrling together above the layer of red 
rorpusclcs the trypaiiosoines from a rat or dog with nagaua when the [larasites 
wero more numerous than the red oorpuscles. 

' Kranols, iiull. No. 1 1, Hyg. Lahy., U.S. Pub. Health and Mar. llosp. Serv. 
Washington, J003. 

Plimmcr and liradfnrd, Ct’n/nilh/. /. liaA/tr., 1, \-. 26, 1899, p. 44a; [also 
Quar/. Journ. Mkr. Sc., v. 45, k / m , p. 451.] 

^ /iemann, CenfrulhL /. SfU’/cr., I, v. 24, 1898. 

" Rabino‘\\hsch and Kempnor, Zciischr.f. v. 30, 1899, P- - 5 ^' 

V- Wasielewski and Senn, Zcitschr. f, v. 33, 1900, }>. 444. 

* A. La\ cran, ('owpL Rend. Soc. Riol.^ June 9, 1900. 
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The blood is spread in a thin layer on a glass slide with the 
edge of a visiting-card |or of another microscope slide), dried very 
rapidly, and fixed in absolute alcohol for five to ten minutes. The 
following solutions should be prepared beforehand : 

1. Methylene blue with silver oxide or Bnrrcl blur. Take 50 or 
60 c.c. distilled water in a Hask of about 150 c.c. capacity, and add 
some crystals of silver nitrate. When these are dissolved, fill the 
flask with a concentrated sr)lution of caustic soda and shake. A 
precipitate of silver oxide is formed. This is washed several times 
with distilled water, so as to get rid of any silver nitrate or excess 
of soda. A saturated watery solution of methylene blue (‘ medicinal 
methylene l)lue,’ Hocchst) is then poured on to the silver oxide and 
allowed to remain for a fortnight, the flask being shaken from time 
to time. 

2, Watery solution of eosin, i per r,ooo (‘water-soluble’ eosin, 
Hocchst). 

^ Solution of tannin, 5 per cent., or, better, a solution (;f tannin- 
orang<j, which can be obtained ready made up. 

The staining mixture is prepared at flic time of usin*^, according 
to the following formula : 

Solution of eosin (i per 1,000) ... ... 4 f:.c. 

liorrel blue ... ... .. ... i c.c. 

Distilled water ... ... ... ... 6 c.c. 

The mixture is at once poured into aflat dish, such a.s a. Petri dish, 
or, belter, a square or oblong dish with sloping bottom specially 
made for the purpose.^ The slide on which the blood-filrn has 
been spread and fixed is placed film downwards in the staining 
solution (a pic*ce of glass rod or a projection from the bottom of the 
dish preventing the slide from touching the bottom, where a pre- 
cipitate; nearly always forms), and left there for five to twenty 
minutes. [''ive to ten minutes’ .staining is long enough for most 
trypanosomes, especially for the mammalian ])arasites ; twenty 
minutes’ staining is necessary for certain species -r.g., 7 '. Inoisi, 
particularly when undergoing reproduction. After removal from 
the staining .solution the slide is well washed in a large quantity 
of water [or by blowing a strong streair. of water on the film with a 
wash-bottle], then treated with the .solution of tannin for several 
minutes, again washed in excess of water, and final K* in distilled 
water and dried. If a precipitate is formed, which would render 
microscopical examination difficult, wash the film with oil ot cloves, 
then \vith xylol, and gently rub the surface of the preparation w ith a 
piece of soft linen soaked in xylol. 

' [Such dishc.s, made of vulcanite, each to take one slide have been 

inade at the suggestion of Dr. A. C. Stevenson by \lessr.s. Townson and Mercer, 
of 89, Hi.sliopsgate Street, P^C. We have found these dishes e.xtrernely useful, 
especially for the prolonj^ed staining of parasites, such as the trypanosomes and 
the Irrponcma palUtinm {Spirochecta paUida) of syphilis.] 
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The preparations keep better uncovered than if covered with 
balsam or cedar-wood oil, in which case they rapidly lose their stain. 
When the staining has been successful, the protoplasm of the 
parasite is pale blue; the nucleus, ilagellum, and edge of the 
undulating membrane are purplish ; the centrosome is deep violet — 
a little different from the nucleus ; the undulating membrane is 
unstained, or stained a very pale blue (see C(d(^ured plate). The red 
corpuscles are pink, the nuclei of the leucocytes dark j)urple. 

Eiiually gooil results are obtained with a mixture of a/ure 
blue II and eosin. This mixture has been strongly recommended 
by tiiemsa,* and (1 rubier supplies the bhie prepared according to 
Giemsa’s directions. We have modified the method as follows:- Dry 
and fix the film in absolute alcohol, then stain for ten minutes in — 

Watery eosin u per r,ooo) ... ... ... 2 parts. 

Watery solution of azure bhie II (i per ia)Oo) 1 part. 

Distilled water ... ... ... ... ... (S parts. 

Wash in water; treat with 5 per cent, tannin for two to three 
minutes; wasli again and dry. Hy this mi'thod we have obtained 
good sj’H'cimens of the trypanosomes of nagana and caderas. 

h'inally, we have used the powders pre|.)ared by fenner, I.a.*i.sh- 
man, J. il. Wrigiit, etc., by mixing together solutions of eosin and 
methylene blue, collecting the precipitate f(.)nm.‘d, and, after washing 
thoroughly in distilled water, drying and pulverizing. Thcj powder 
is dissolved in absolute methyl alcohol, and is then nxidy for use. 
In staining blood-films by this method, preliminary lixaLion of the 
film is nnneeessar}'. 

[Leishrnan’s stain answers admirably for trypanosomes, as well as for 
the malarial parasite, piroplasins, the ‘ Loisliman body’ of kala-a/ar and 
tropical splf^nomegaly (.see Chapter Ilf.), and other chromatin-containing 
parasites. It is best uscmI as follows: TJaviug ohtaijied a blood-hlm or a 
smear of an organ or ti.ssiic in the ordinary way, ilraw two liruis with a 
wax pencil (piefcrably blue, as with the other colours the wax ttmds Lo 
float off) across the u'/iolt’ width ot the slide, one on eitla^r side of the Idood- 
smear. This prevents the stain from running all over the slide, so thjit 

^ (iicin.sa, (ynlralbl, f, 1, Orig., v. 37, T(;o2, ]i. 308. 

jCiiemsa’s .suhuirai is prepared as follows: 'lake a/nre 1 1 -cosin, 3 grammes, 
and azure 1 1 , o-8 gramme ; dry and powder. Dissolve at 60' C. in 250 grammes 
r.hernicaliy - pure glycerine, .shaking ilie mixture to hasten solution. Add 
250 grammes methyl ali uhol, |)reviously warmed to 60 ('. ; sltake, leave standing 
for twenty-four h<mrs at room temperature, and filter. 

'fo U.SC, ti\ air-dried film.s iu ethyl alcohol, or, more ciiiickly (two to three 
miiiuies! in methyl alcohol ; dry with blotting paper. Dilute the stain with water 
in a wirlc yjaduated vessel, shaking the mixture. Use i drop of stain (dropped 
funu a dmp-hotlle) to about I c.c. distilled water, preferably warmed to 30” or 
40 C. Whcii propcrrly mixed, pour the fre.shly diluted stain on to the film, and 
leave on for ten to fifteen minutes (or tJie staining may he done in the small dishes 
inemioned on p. 9). 1 hen wash in a stream of water, blot, dry, ;i,nd mount in 

balsam, (lienisa states that it is not advisable to use his solution in the way that 
l.cishinau's stain is useci. 

If an a/kfi/ine solution of the stain is required, add to 10 c.c. distilled water 
(before diluting the slain) 1 or 2 drops of a i |)er cent, sululion of potassium 
carbonate.]' 

^ A. Laveran, C. R. Soc. March 7, 1903, p. 304. 
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less stain is necessary, and a cleaner preparation is ulliniately obtained. 
WiiJioiii previous fixation, rim a few drops of stain on to the film from a fine 
pipette (5 to 10 drops, according to the size of the film), and after thirty 
seconds run on doubh*, the ruinil^er of drops of distilled water- -again from 
a ynpetle -taking care that the water does not overstep the wax boundary 
lines. Tilt the slide carefully to mix the stain and the. water, and allow 
the diluted stain to act for five to fifteen minutes. 'I'lie stain is then 
poured away, the film is washed for ten or fifteen stK'onds in distilled 
water in a beaker, or blown on from a wash -bottle, and allcnved to dry in 
the air. The slide may be preserved uncovered, or it may be covered in 
the ordinary way witli a coverslip and xylol balsam, the latter, however, 
causing the. stain to fade after a tiinc.] 

I Marino's* stain also gives very good n'sults with trypanosomes. The 
alcoludic .solution is obtained by dissolving in pine methyl alcohol the 
precipitat(i formed by adding an aqueous solution of eosin to an alkaline 
solution of methylene blue and azure blue in certain proportions.- b'oiir to 
s or 10 drops of the alcoliolii'. stain are run on to the film (the numlier of 
(Iroy)S \arying with the size of the fdm), and left on for three minutes. 
I'hen double the nmnl)er of drops of an .iqneous .solution of eosin 
(0*05 gramme to f,ooo c.c. water) are added, and kdt on for two minutes, 
after which wash, dry, and mount. Some trypanosomes, such as thos(^ of 
birds and fishes, retfuire ratlier longer to stain well four to ten minutes 
with the. Idiie, and eight to twenty minutes with the eosi]'i.| 

I f it be desinnl to stain a tihn rapidly, or if these special stain.s be 
not at liaiid, an alcoholic solution of fuclisin, or, bettm*, a wateiy 
solution of magcMita, or, belter still, a solution of carbol thirmin, 
may be used. Staining takes place rapidly, often in less than a 
miiuite. The miclens, llngelhim, and centrosomc arci stained more 
dei.'|)Iy than the protoplasm, and in this way sufliciently good results 
('an be o])taineci w-heii one wishes merely to ascertain the presence of 
the trvpanosmne.s and their relative numbers. 

I>y lloidenbain’s method (luemat(.)xylin and iron abmi) tln^ 
nuedeus, cciitnjsoine, and llagelliim are stained darker than the 
protoplasm, but of course are less distinctive tlian wlien stained by 
our inethod or tbal of Ivomanowsky |or Leishman, Giemsa, et('. |, in 
which the}’ nssiiino a tint different from that of the prot(3plasni. 

Tile metliods of fixation and staining just (lescribed for l)Iood 
\Nill answer for other liquids which may contain trypanosomes, such 
as the blood-stained eedema Iluids, ctM’ebro-spinal Iluid, culture 
media, auieinic blood, or blood diluted witli salt solution or sodium 
citrate. In these cases, however, fixation is never so pia fect as with 
pure ])1(xk1 : often the trypanosomes in tliese liquids appear vaeuo- 

' [Marino, A?fn, Insi. rnstcur^ \ . 18, 1904, pp. 7ei-;a/). j 

■ I The directions fur preparing the stain art* as follows : '^ak(^ an ac|iivous solu- 
tion of nielliylene blue and azure blue (methylene hlue, o gramme ; azure blue, 
n'5 granunt^ ; water, too c.c.) and mix with an aqueous solution of .sodium carbonate 
•O' 5 per cent.). Keep the mixture in the .47’ t.'. incubator for one to two d.iys, or, 
better, *in the thermo.stat at a higher temperature ; then add an a(]iieous solution of 
cosin to the olue mixture. The best strength of eosin solutimi varies with the 
quality of the blue, and inu.stbe asccMlaincd by actually trying the. clTe< t of dilTerenl 
:^lrengths (o‘i to 0*3 per cent.), 'fhe eosin blue mixture is then filtered, and the 
precipitate obtained is soluble in water and in methyl alcohol. 'The alcoholic 
solution mentioned in the text contains 0*04 gramme of the dried precipitate dis- 
solved in 20 c.c. pure methyl alcohol.] 
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lated. This is particularly the case with the trypanosomes in the 
ccrebro-spinal iluid of sleeping sickness patients, so much so that at 
first we looked upon this as a characteristic feature of tlie sleeping 
sickness tryi)anosomc. The examination of the same trypanosome 
in the blood, however, soon showed that such was not the case. 

When the trypanosomes are very scanty in the blood, it is best 
to make thick smears, from which the hiemoglobin is subseciuently 
dissoK-ed oiit.^ In Ross's method*’ the thick blood-film is dried and 
stained by one of the methods mentioned above u-Hhoiit previents 
fixatioiu The watery solutions of the stains dissolve out the haemo- 
globin, at the same time staining the leucocytes and the parasites. 
This method is specially to be recommended for mammalian Idood, 
which often conlains very few parasites. 15 y this method, however, 
the blood-lilrn is often washed away, and, moreover, the trypano- 
somes are voiy deformed and often difficult to recognise. 

Ruge ‘ has advised fixing the blood before staining by means of a 
2 per cent, solution of formalin, to which is added acetic acid to the 
extent of 0*5 to i per cent. 1^'ixing by this method docs not ])rcvcnt 
the subsequent solution of the luemoglobin. 

The following method has yielded good rt^sults in our hands : 
iixing in al)Solutc alcohol, then dissolving out the lueinoglobin with 
1 ])er cent, acetic acid. 

[Jiradforcl and Flinimer * got the best results l)y fixing with osmic and 
acetic acid vapours (osmic acid, 2 per cent., and glacial acetic acid, efjual 
parts), and staining with a mixture of methylene i)luc and erythrosin. 

In the case of cerebro-spinal Iluid, lymphatic gland juice, and intestinal 
contents of flies containing trypanosomes, it is often dilTicult to stain tlui 
chromatin. Ciray and Tiilloch'’ overcam«*j this difficulty by fixing the 
films while still wet in osmic acid vapour, then adding fresh blood-serum, 
as recommended by Leishman for sections (see below). After washing off 
the serum, the films wt?re staimul as usual by LeishmanVs stain. | 

[Staining* Trypanosomes in Sections. For staining trypanosomes 
and other chromatiii-C(jntaining j)arasites in sections, J^eishman*' recom- 
mends tlie following method : l^araffin sec:lif)ns (stuck on slides or 
coverslips), after treating with xylol and spirit, are washed in Wiiter and 
carefully blotted ; fresh blood-serum is added and allowed to remain on for 
five minutes ; the excess is thrm removed by l)lotting and the rest allow-cd 
to dry on. 'J*he stain is mixed- -2 parts ‘Leishman' to 3 of distilled 

w’ater and poured on the section, which is then covered and left for one 

to 011(3 And a lialf hours. It is advisable to put on fiesh stain once or twice 
during that time. The stain is poured off and the section washed in 
distilled water. With a low power, the cell nuclei should be almost black. 
Dccoloiiri/.e and diUerentiatc, using first a i in 1,300 solution of acetic acid, 
then a i in 7,000 solution of caustic soda. Tlie acid removes excess of 
blue, the alkali e.xcess of eosin, and the solutions are us(3d alternately until 

^ 't he method, which consists in dissolving out the haemoglobin with watei or 
water acidulated with acetic acid, in order to show up any parasites ^which may lie 
in the blood, is an old one. It has been recently reintroduced by Ronald Ross. 
Kotiald Ross, Lann^t, January lo, 1903, p. tS^). 

" Diiitsche mcd. IVor At //srZ/r.^ y] arch 19, 1903,0. 205. 

V Mradtord and IMiminer, Quart, Joirrn. A7/a\ Sc\, v. 45, pp. 451, 452.] 

I /sjay'nnd 't’ulloch, Sleeping .Sickness Comm. Reports, No. 6, p. 286.] 
[Lcishrnan,yt>///v/. /A'ir*, v. 4, 1904, pp. 434-436.] 
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the desired contrast stain is got, as seen under a low power. When the 
cell nuclei of the tissue are a deep Romanowsky-red colour, and the rest of 
the tissue a very pale pink or light blue, wash well in distilled water, drain 
and blot off excess of water, dehydrate rapidly with absolute alcohol, clear 
with xylol, and mount in balsam.] 

[Giemsa’s stain used as in Leishman’s method, safranin and indigo 
cariiiine (Neporojny and Jakimoff), and polychrome methylene blue 
(Marchand and Lcdingham, Mott, Halberstaedter), also stain the trypano- 
somes well in stjctions. | 

[ Halberstaedter ^ gives the following details of the method used by him : 
Small |)iecos of tissue are fixed immediately after death in sublimate- 
acetic mixture (concentrated watery solution HgCl.^, 150 parts; distilled 
water, 150 parts ; glacial acetic acid, 4 parts) for twelve to twenty-four 
hours ; then washed in running water for twenty-four hours, and, after 
passing through alcoiu)!, etc., embedded in paraffin. Stain thin sections for 
ten minutes in polychrome methylene blue, wasli in water, treat for a few 
seconds in absolute alcohol (not too long), clear with xylol, and mount in 
balsam.] 


Section 3.— Preservation in vitro and Cultivation of 
Trypanosomes. 

Until (jiiite recently no method of cultivating trypanosomes was 
known, but they could he kept ixVwe in vitro for a variable time, 
either in hanging-drop or in sterile tubes. The essential cmidition 
is to obtain the blood ascptically from the heart or carotid artery in 
the case of small animals, from the jugular vein in larger animals. 
It is at once mixed with [)hysiological saline, and delibrinated in 
sterile flasks containing glass beads, or, better still, it may be mixed 
with citrated salt solution (NaCl 5 grammes, sodium citrate 
5 grammes, water i,oou c.c.) to prevent coagulation. 

Even uiider these conditions most parasites can be kept ali\e only 
a lew days, a notable exception being T, Icwhi, which will live for a 
considerable time if kept in the ice-chest. The addition of different 
serums keeps the trypanosomes alive a little longer. 

McNeal and Novy- in KjOj succeeded in cultivating trypano- 
somes — first T. and later 7 \ hriicci. We have also been able 

by using McNeal and Nov)'’s method to cultivate T, Icicisi and 
7 \ evansij-' 

The culture medium employed is comparatively simple. It 
consists of nutrient agar containing 1 to 3 per cent, of peptone, 
to which defibririated blood is added, b'roin certain obscivatic 5 ns 
of McNeal ami Novy it appears that the lucmoglobin plays an 
important part in this medium, for if the hcemoglobiii undergo any 
change, the medium is useless and growth in it will cease. 

Agar prepared in the ordinary way is cooled down to 59° C., 

^ [MalbcrsSaedter, Ceniralbl. f. Jurk/er.^ v. 38, 1905, pp. 525-532.] 

- McNeal and Novy, ‘ Conlributions to Medical Research,’ dedicated to \\ C. 
Vaughan, June, 1903 ; Journ, Infec. v. i, January 2, 1904. 

[Keccnlly Novy and McNeal and 'I’hiroux have succeeded in cultivating bird 
trypanosomes, Thiroux that of the mouse, Petri that of the rabbit, and 15 ouet that 
ol the frog.] 
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and two or three times* its volume of defil.>rinatecl blood taken 
aseptically from a rat, ^minca-pij^, or, more commonly, a rabbit, is 
added to it. The culture tubes are sloped in the usual way, and the 
medium allowed to solidify. As soon as this has occurred, the tubes 
are placed upri/^dit, so as to ensure the rapid formation of a large 
quantity of water of condensation, which c(dl(M;:ts at the bottom of 
the tubes. This icuicr of condensation is inoculated with a loopful of 
blood from an infected animal or of a previous culture. 

As the culture lubes are often kept for months, precautions arc 
necessary to prevent the evaporation of this water of condensation. 
If the cultures are made at 20^ to 25 ’ C., McNeal and Novy at first 
recommended sealing the tubes with wax; now ihev use thick 
rubber caps for the tubes, which wo have also found to ansvvea* well. 
If incubated at 34° to 37''’ C., MeXeal and Novy put the tubes in a 
large desiccator or apparatus such as is used for anaerobic cultures 
containing st)mc cotton-wool well soaked in perchloride of mercury 
solution. 

In the water of condensation in blood-agar tubes, the trypano- 
somes grow either at the room temperature or in the incubator 
at 34^' to 37^ ('. In this way pure cultures can be obtained. 
Bacterial contamination usually causi.vs rapid dc‘ath of the trypano- 
somes; nevertheless wo Ikuc succeeded in keeping 7 \ leunsi alive 
and virulent for more than a fortnight in a tube in which many 
organisms had developed. [Novy and Knapp- also found that 
e.xceptionally some bacteria are not unfavourable to trypanosomes, 
and that mixed culture's may be kept alive for six months or more.] 

I For the isolation of trypanosomes from accompanying bacteria they 
recommend the following method : With a small glass spatula take a little 
of llie mixed growth, and spread it in a series of streaks on solid! lied 
blood-agar in six l^etri dislic's, using dishes which can l^e effectually sealed 
by means of a wide ruhlicr band. At the end »)f ten to twel\e days at 
room temperature the last plate or two of tlie serif's will show isolattid 
colonies of the trypanosomes, which can then be siibcullivated in the 
ordinary way in test-tubes. ) 

[Mathis'* has recently improved upon Novy and McNeaFs original 
medium by luxiting it to 75'' to loo"" C. for half to one and a half 
hours (me or mcjrc times. 'I'he advantages claimed for this rnodilica- 
tion of the original inediurn are -(i) that it sterilizes tlie medium, 
which therefore need not be prepared so carefully ; (2) that it i.s 
li.xcd or more uniform in composition, and can therefore he prepared 
long in advance; and (3) that it alters the blood of various animals, 
such as the gO(^se, rabbit, dog, and goat, so that they are all 
equally serviceable. 

‘ 7 \ according to McNcal and Novy, grows in media cof.taining r part 

of blood to 5 or even 10 parts of agar; but it prefens media ricli in bh-od, the 
optimnin being apprirently 2 |iarts of blood to i of agar. 7 '. brucci will only grow 
in media containing at least miidi blood as agar, the optimum mixture contain- 
ing 2 10 3 -parts of blood to 1 of agar. Kven under these conditions cultures are 
d\tVicult U) obtain. (See special chapter.) 

[Novy and Knapp, y^w/v/. //x£f y v. 6, i(}o6, p. ni.] ,, 

[C. Mathis, C A\ Soc. lUoL^ v. 61, 1906, pp. 550-552.] c 
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This modified medium was found most useful for tlie non- 
pathogcnic trypanosomes, less so for the pathogenic. Thus 7 \ rola- 
tni'ium in two days showed numerous trypanosomes, and in seven 
days they were very abundant. T.lcwhi in two days showed fairly 
riiimorons characteristic rosettes ; in one month the culture was very 
rich in trypanosomes, and intraperitoncal injection infected rats in 
less than three days.] 

Section 4, -Inoculation Experiments. 

Nothing very special need be said upon this point. lUood (pure, 
delibnnatcd, or citrated), blood-stained (edema ihiid, or cerebro- 
spinal fluid containing trypanosomes, may be injected wath an 
ordinary hyptxlermic syringe or pipette. In the case of the patho- 
genic trypanosomes the inoculation may bo made subcutaneously 
(or even to the freshly injured surface of an abrasion), intra- 
peritoneally, or intravenously, with liardiy any diffenuicc; as to the 
fmal result, 'fhe mode of inoeulalion merely affects tlu; period of 
incnlvatitju, ])arasit(‘.s appearing in the blood sotmcT after an intra- 
peritoneal tlian after a subcutaneous injection. 

In the case of the iion-pathogenic trypanosomes (7\ hwisi^ trypano- 
somes of fishes), intraperitonenl inoculations appear to bc.^ the most 
reliable. 

(.'ertain trypanosomes (7’. cquipcrdiim of dourine) can ap])arently 
1)0 inoculated upon healthy non-excoriated (?) mucous surfaces. 

In(.^culatioii tlirough the mouth or stomach docs rujt occur with 
any tryi)anosome, (ixcept wdien the buccal mucous membrane pre- 
seiits recent abrasicjiis. 

Trypanosomes appear to be virulent in the minutest dosiis, a 
shzg/t’ trypanosome sufficing to bring al)Out an infection. It is 
merely a (piestion of the duration of the incubation period, l^or 
example, in tlui case of nagana, the incubation period may he less 
than twont>'-four hours after the iiitraperitoiu'al irnx'ulation of man}* 
])arasites; on the (Dther hand, it may be as long as ten days when 
few are present in the material injected. The difference is still more 
marked in the case of other trypaiKJSomes. 

Jiefore iiujciilation it is as wtdl to make sure, by microscopic 
examination, of the condition of the trypaiujsomes to be injected. 
The incubation period and, in the case of trv])anosomes that have 
been kept, the success of the inoculation depend on the condition of 
the parasites injected. 

iMnally, the inoculation of a large quantity (up to 10 c.c.) of blood 
or other fluid is always indicated when the trypanosomes liave not 
been visible«on microscopic examination (as in the case of ruminants 
and pigs infected with or suspected of nagana, and horses suspected 
of dourine). The inoculation should be made into a susceptible 
animal — rat, mouse, or dog in the case of nagana ; dog in the case of 
dourine. If rats or mice are used, several must be inoculated. 
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COMPARATIVE STUDY OP THE TRYPANOSOMES 

Section 1. — General and Comparative Morphology. 

Wk shall begin b}' giving a general account of the structure of 
trypanosomes, such as appears to us to emhoch' the results of 
recent observations. Figures 2 and 3 show the principal varia- 
tions in the form of try]xinosoines, and at the same time bring out 
clearly the features by which these parasites may be recognised, 
at least iti the form we shall call adult. There is a spindle-shaped, 
more or less elongated, protoi»lasmic body containing two chromatic 
masses — one small mass, which we call the ccntrosonic, generally 
placed at the posterior end ; the other, nearl)' always mesially 
situated, which is larger and is called the nucleus. A folded 
membrane, which is known as the unditlalin^ nicmhraue, starts from 
the centrosome, and runs along the protoplasmic body. Its thickened 
border is generally prolonged anteriorly into a free pari, constituting 
the fla^ellujn. 

In the case of certain parasites found in th.e blood of fishes, for 
which we have created a special genus, 'rrypanoplusuia, several 
peculiarities are to be noted: first, the undulating inemlnarie, which 
extends from one end of the body to the other, is prolonged 
posteriorly into a free tlagelluni, while anteriorly it bends round and 
reaches the end of a large elongated mass of chromatin, from w'hich 
the anterior ilagellum also starts ; secondly, the protoplasmic body 
docs not contain a large and a small chromatic mass, but tw'O masses 
(jf almost the same size and about as large as the nucleus of the true 
trypatiosornes. 

We shall now^ study more in detail the various parts of the 
trypanosomes (using this term in its wider sense), pointing out at 
the same time the variations found in different members of the 
group. 

The body proper is, as a rule, spindle-shaped. In certain 
parasites found in the Batrachia this spindle is almost ^as broad as 
it is long^ (^o fjL by 60 /i), and the ends are rounded off, leading 

^ In measuring trypanosomes, it is advisable to measure the width in the 
region ot rhe micleus, taking into consideration the undulating membrane, and 
<he length including the liagellum. At the same time the length of the body and 
ot the iVet^ flagellum should be measured separately ; but these measurements are 
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eventually to flattened forms with an ellii)soidal outline, which would 
be a true geometrical figure were it not for a slight prolongation 
anteriorly which accompanieis the flagellum. We And the op[u>site 
extreme in forms such as those seen in Fig. 2, /, where the body is 
only 1*5 M w'lde, or, better still, in certain parasites of fishes, such as 
those of the cel, which are 80 fi kaig by only 2*5 ^ broad. Jletween 
these two extremes there are many intermediate forms, some of 
which are characteristic of certain species parasitic in reptiles or 
birds, others not possessing any specific value. Thus, for example, 
the trypanosomes of Batrachia may assume various forms -some 
relatively thin (see Fig. 63, Chapter XVI.), which we give in l^g. 2 
(j and 7), as types of ‘stumpy* forms; also the broad forms of 
T. lac’isi (our ‘thin* type, Fig. 2, j) when reproduction is about to 
take place. 

The trypanoplasms are of medium length, the body being in the 
form of a ribbon, which is constantly clianging its sha[ie. 



2. TKvrANOsnMKs OK Mammals and IVvtuacuia Ti:Km»MONAS. 

I. T, li'o isi : II, nuolous : r, cciUrosovno ; in, uiululatin^ meinbranr. 'l ho.se loliors 
hjive the same simiifirance in the uthor fit^nres. 2. hutcu. j ami q. 7 '. roUi- 
t-ii-inni of I'sculcnfd (fro.u) ; striated form ( p and Ihil form {.\). 5. Tru hi.-nionns 

liHiifiintilia. from tin* intestine of the ijninea pig ; n. internal rod : i>, anterior dagella. 
(Magnification abniu 1 ,800 diameters.) 

The shape and size of trypanosomes afford very good means of 
diagnosing species.* It must be remembered, however, in the ('ase 
of tryjianosomes ])athogenic for different species of animals, that 

often diflicult, for it is soinctiines not easy to determine where the free dageJlIuin 
commences, so that there is in such a case a liability to err, wliich is not present 
when the whole parasite (flagelhim included) is measured. It is for this reason that 
we lay most stress upon tliat dimension (namely, total lengtli) in differentiating 
species. 

[Lingard { Jourti, Trap, Vet. Stience, v. I., 1906) suggests making the follow- 
ing measurements: (i) Post-centrosoinic part; (2) from the cenirosome to the 
posterior end of nucleus ; (3) length of nucleus ; (4) distance fr(»m the anterior 
cud of nucleus to anterior end of body; (5) free flagellum. I he sum of these 
five measurements gives the total length. lie also measures the maximum width. 
As pointed out in the first part of iJiis note, liowever, it is often difficult, if not 
impossible, to say where tln^ body ends anteriorly and the free flagellum begins.] 

\ [The recently described — probably sexual — morphological diflercnccs in 
various mammalian trypanosomes arc referred to later on in this chapter.] 

HOOOO 
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these trypanosomes show certain variations in length, and even in 
shape, according to the species of animal infected. Thus, 1\ hriicei 
is longer in Kqnida: than in oxperiTnenlal rodents ; it is more 
stumpy in rats and mice than in dogs. It follows, therefore, that if 
one wishes to compare two allied species of trypanosomes — for 
example, bructi and 7'. evansi — one should examine the parasites 
in the blood of the same species of animal. 

The anterior extremity is generally elongated ; it extends some 
way along the Hagellum, sometimes (as in the case of 7’. dimorphon 
of horses in Gambia and iAT.johmUmi of birds) even to its tip. 

The posterior (\\tremity varies very much in shape, not only 
in diKeront species of trypanosomes, but also in the same species, and 
even in the blood of the same animal. Evidently this part of the 
body has a certain amount of plasticity or power of amceboid move- 



I'Kf. J. -TrVI'ANOSOMIIS OK I'lSHI-;.!. 

1 . T. var. fanti: //, Jinch-'iis ; c»?nlro.S(»me ; ///, uiululalinij iiKaahnun*. ’riuisc 

lottors have the tiamc sij(nihcancc in the (Hher fi.t(urcs. 2. T. voiuiki, var. miinfu, 
3. T. TryfiOioplai^niu hotieli : anterior flaj>L*lluin ; fp, pfist(*rior llaj^ollun). 

The anterior end is the lower f)iu? in the fif^ure. 


rnent, by virtue of which it can cbmgate and shorten. None the 
less it prest’ints, in a given s])ecies, certain peculiarities which are 
really but we must always be very careful iu interpreting such 

peculiarities. 

Thus, T. Icicisi (Fig. 2, /) is charactcriml by a long pointed 
posterior extremity, like an acutoangled cone. In some cases this 
part is almost as long as the rest of the body, whilst in others it is 
relatively short. In the trypanosomes of the type briicei (iMg. 2 , 3) 
the pc^tcrior extremity is less slender and generally short ; it is 
rarely pointed, but nearl}' always in the form of a blunt cone. In 
the other pathogenic trypanosomes of mammals, the posterior end 
is usually rounded off in the form of a lieinis[)here, and the c.entro- 
sornc is very near the end ; but even in these species many of the 
parasites have a Iduntly conical end. It is, however, in the trypano- 
somes of the Batrachia that the greatest variation in shape is seen. 
Some have a posterior extremity as long as the rest df the body, 
and at times it even appears to be prolonged into a flagellum, so 
much does it taper off ; in others, as has been mentioned before, the 
end is rounded off in the form of an ellipse, and one often observes 
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under the microscope the conical posterior extremity of a ])arasite 
becoming rounded off. 

I'he protoplasm stains more or less deep blue by our eosin- 
methylcne blue mixture.^ This is due to the presence of a great 
number of barely visible very fine granules. The bine colour is 
deeper with some trypanosomes than with others ; for example, the 
pathogenic trypanosomes of mammals and those of fishes stain more 
deeply than T, lewhi or other members of the same group. The 
blue colour is never very uniform, and there arc alwaws paler areas 
to be seen ; but we would draw attention to the fact that these clear 
areas always appear to be irregularly distributed, and we have 
never found, in the case of any particular tr\ panosome, anything 
characteristic in their form or distribution. 

'I'he clear oval vacuole which authors have described in the 
posterior part of certain trypanosomes, and which they identify with 
the contractile vacuole of the non-[)arasitic Magellata, has appeared 
to ns of variable form when prestjnt. Moreover, it is found es])ecially 
in preparations made from liejuids other than the blood (r.g., blood- 
stained (edema fluid, cerebro-spinal fluid in cases of sleeping sick- 
lu'ss), and the presence of this vacuole is doubtless dui?, as we have 
said above, to the fact that we do not km^w how to fix these licpiids 
properly. These vacuolated forms are not found in the blood. One 
cannot, therefore, attribute any specific importance to the presence 
of these vacuoles, to their shape, or to their relation to the centro- 
some.-- 

'riie protoplasm often contains chromatic granules stained deep 
violet, very variable in number, shape, and si/e. They are generally 
a litth^ irregular in shape, but more or less rounded, and do not ■ 
exceed i jjl 'iu diaiiuiter. Some species of trypanosomes do not possess 
ihcan ; in others they arc scanty, and often localized to the ilnmc^diate 
neighbourhood of the nucleus ; in yet others they are niirncirous and 
scattered throughout the body of the parasite. They are absent 
from 7'. laeist\ are very scanty in 7\ diinurpJwn and T. evansi, less 
rare and larger in T, brncci and T. cquininn. In the latter spticies 
sometimes one or two of the granules are more than i /i- in diameter 
and (juite circular, in which case they may be mistaken for the 
centrosome. Up to a certain point these granules are of value in 
determining species, but too much weight must not be attached to 
their presence, as this depends to a certain extent upon the condi- 
tion of health of the animal under investigation. When the death 
of an infected animal is approaching, the trypanosomes are usually 
less vigorous, and their protoplasm contains more granules than 
HI the case of normal parasites. The same thing is seen in the 

' l’hnjugh(^t this description we shall refer solely to preparations stained by 
'^his ineihocl (see p. 9 ct seq.). 

^ [1 do not agree with the authors that ‘vacuolated’ forms are not normally 
lound in the blood; sec footnote in Chapter XII. under the morphology of 
^ ; also article by Woodcock, ‘ 1 he Haanoflagellates,’ in (junrf, Journ. 
wer, 6V., V. 50, part i., April, 1906, pp. Jir, 212.] 

• 
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trypanosomes from animals underj(oing treatment with human serum 
or arsenious acid. 

These violet granules are almost the only ones seen in trypano- 
somes. In addition, we may mention the non-staining granules 
seen in 7\ votatoriiim of the frog and the rcfractile non-staining 
granule seen in T, Icvcisi in the blood of guinea-pigs. The rcfractile 
granules seen in culture forms of 1\ hriicei are undoubtedly of the 
same nature. 

In some trypanosomes one can distinguish fine longitudinal 
stride, more or less marked, generally characterized by a linear 
arrangement of the microsomic granules. These stria; are apparenth* 
quite siiperlicial. 'I'liey probably represent the broad, well-marked 
striae seen in some forms of T, rotuioriuw. In this trypanosome the 
strife are arranged in the form of a helix, the axis of the helix being 
almost transverse and the strife arranged in a longitudinal direction. 

The body of the parasite appears to have no definite investing 
membrane. \Vc have been unable to make out around the body 
a special layer of |)rotoplasm, the so-called ectoplasm or periplast. ‘ 
It is only along the ridge formed by the undulating membrane that 
the surface of the body presents any peculiarities, and these will bo 
referred to later on. 

The nucleus [macroiuicleu.s, trophoniicleus] — that is to say, the 
larger chromatic corpusculeof trypanosomes — round or oval in shape, 
is generally situated about the middle of the body. Rarely, as in 
T. leiK'isi, it is situated in the anterior part of the body, which is a 
diagnostic feature of that species of trypanosome. | In T. 
ciiiuieiisc (Lingard) of the rat, T, dutloni (Thiroux) of the mouse, and 
in the bat trypanosome, the nucleus is also anteriorly jilaced. In 
some forms of l\ llicilcn the nucleus is situated hclii)id the middle of 
the body.] The size of the nucleus appears to he indcpeiidtmt of (he 
size of the parasite : for example, the nucleus of the large try]»auo- 
somesof frogs is scarcely i)igger tinm that of the thin trypanosomes of 
mammals. 

1 he nucleus appears as a collection of chromatic gratuiles, stain- 
ing purple by the ordinary methods. This collection of granules is 
relatively co/npact, the granules being of various sizes and shapes, 
and joined t(;gether by a feebly staining cement substance. No 
network or nuclear membrane can be distinguished. It is a rela- 
tively simple type of nucleus. Prowazek,- who distinguishes four 
types of nucleus among the Flagellata, considers this nucleus to be 
of the simplest type. 

* [II is pointed out later on (pp. 24 and 69) that Ihowtazck and others describe 
the undoubted oci:urrencc of an ectoplasmic layer in some cases.] 

[ Prowa/ek, Atch, J. i^rotlstcnkundc^ v. 3, p. 195. lint according to 
Jhowazek’s recent ^nvestiJ,^'ltio^s, the nucleus of /ends/ and T. //rucci is very 
complex, and re>emblcs the comf)lex nucleus ori)>inally described by Schaudinn 
m / , noctud'. I lie nuclei of other mammalian trypanosomes are probably also 
nuire complex in btriicture than has hilherlo been supposed. (See the accounts 
given later of T. lends/ and 1 \ l}riicei,)\ 
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Usiuilly the ^;jranules are scattered uniformly tliroiif,diout the 
nuclear mass. There are few exceptions : T. rcimiki of the pikt?, 
which has in tlu^ centre of the nucleus a clear space containin;^ 
a siiif^le large granule, the smaller granules forming a ring around 
the central \'acuole. Perhaps this is also the case in 7'. sokw, but we 
liave seen too few specimens of it to bo sun*. 

The nucleus always divides amitotically.' Sometimes it elongates 
liardly at all before dividing : at others 7'. hnicci. Fig. 22, .?) 

the nucleus elongates considerably and becomes rod-shaped, and, 
iinally, the iiUervening part where no chromatic granules are 
])resent becomes constricted and obliterated. In sucli cast's tliere 
is a suggestion of mitotic division, bnt mucb less than in the micro- 
nuclei of the ciliated Infusoria, for example. 

The small cliromatic body which W(^ call the centrosome- is 
situated quite nc?ar the posterior extremity in many species of 
trypanosome. Hut that position is not absolutely constant. At first, 
in certain species (t’.g., /'. leunsi of the rat), when the parasite has 
just divided, the centrosome is close to the nucleus. In other 
species at h'ast, in certain varieties — it occupies normally, and 
without any reha*ence to fission — this central position near the 
nucleus. '11ns is seen in some forms of T, rotatorium of the frog 
(Fig. 2, and in 7\ iraiisvaaliensc (Fig. .|5, Chapter XI.). In 
thes(i cases the centrosome is situated deep down in the interior of the 
protoplasm. 

The centrosome of true trypanosomes occurs as a small c<^m- 
pact and homogeneous mass of chromatin, staining a deep violet, 
sliglilly different from the colour of the nucleus. It is generally 
round, rarely elli|)tical, though it is frequently so in T. Icwisi. In 
si/e it is usually 0*5 fi o'l fi, with one exception, the 7\ eqiiiniim of 
caderas, in which tlie centrosome is only } /.• in diameter, and is 
dilficult to recognise at the extremity of the llagelliim. Often the 
centrosome is surrounded by a clear space or halo, which makes it 
appear thc^ more distinct.. When the centrosome is fairly large this 
hiilo is not visible ; the centrosome then occupiers the whole width 
of the parasite, and sometimes appears even to extend beyond it, 
doubtless owing to its refractile character in stained specimens. 

The centrosome divides in a simple fashion. It elongate*?, 
hocomes halter-shaped, and finally the two halves separate. Some- 
times, as in T, leicisi, it elongates transversely to the long axis of 
the body; more often, as in T. brucci and others, it lengthens longi- 
tudinally, so that the two resulting centrosomes arc situated tlic 

* Wasiclcwsti and Senn have represented, in a case of multiple division of 
/. /cuvi/j nuclear division with eejuatorial plates. We have never seen anything 
>ke tills. I We shall see later, however, that more conqdcx forms of nuclear division 
“live been described in the case of T.noctutr (Schaudinn u T. //■■7i7.s7, and T, brucci 
U rowazekl.J 

^ 1 This little body, the significance of which has been much discussed (see 
• cuion 5), IS also called the micronucleus, the blcpharoydast, and the kineto- 
iiudeusjby other authorities.] 
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one in front of the other in the long axis of the parasite (Fig. 22 , 
Chapter VI.). 

In the species which wo have placed in the genus Trypmwplasma, 
the two chromatic masses are about equal in size, each being as large 
as the nucleus of an ordinary trypanosome. They arc laterally 
placed, often along two transverse diameters near together. They 
differ a little in their staining reactions. Thus, according to Miss 
Plehn\ who has recently described in the carp a new species of this 
genus, the chromatic body in connection with the Hagella (which 
wo identify with the centrosome of Trypanusouia) stains deep violet, 
like the nuclei (d' the carp’s erythrocytes; the other body (the true 
nucleus) stains lilac, like the nuclei of the leucocytes anti the blood- 
platelets. Amongst the numerous trypanosomes which we have 
examined we have never seen an arrangement intermediate between 
that found in Trypunophisma and that observed in l'}'ypanosoiUii. 

Originating in the centrosome of the true trypanosomes is a very 
clear filament, which runs along the edge of tlu^ undulating mem- 
brane, and is then usually prolonged beyond the end of the body 
into a frc'e part. We shall call this filament throughmit its whohj 
leuigth the flag’ellum. In it three parts can l)e distinguished: the 
first part or root, which is very short, and extends from the centro- 
sonie to the undulating membrane: the str.ond, which runs along 
the edge of the undulating membrane ; while the third part is the 
free jlii^eUiim. The fiagelluin has the same appearance and the 
same chromatic reaction throughout. It stains purple, exactly like 
the chromatic granules of the nucleus, differing slightly from the 
deep violet colour of the centrosome. 

The connection between the Hagellurn and centrosome is un- 
doubted. In those forms in which the cenlrosorne is surrounded by 
a clear space, the tlagelluni appears to end at the borchu' of that 
cltiar an:;a ; but it is, nevertheless, connected with tlui centrosome, as 
the examination of other trypanosomes in stained preparations will 
demonstrate. The ilagellum, isolated from the undulating membrane 
and the rest of the bcxly of the parasite, nearly always remains 
attached to the centrosome. 

The undulating* membrane apptiars as a ridge or crest extending 
laterally from the body of the parasite along a variable part of its 
length. Its longitudinal extent along the body of the parasite 
obviously depends upon the position of the centrosome. If the latter 
is near the posterior extremity, as is usually the case, the undulating 
membrane extends along the greater part of the body of the parasite ; 
if, on the other hand, the centrosome is near the middle of the body, 

^ 'SI. y\v\n\, Anh. f, rro/isfe/ikifmic, w 1903, pp. i75-iiSo. Miss Plelin lias 
sin< e written us (Marc h 26, lyo^) that she was niistakc-n about the rhrornatic body 
in relation with the undulating Jiicinbrane. We transpose, therc^fore, what the 
author says atjout these two bodies. The same facts have also recently been 
made 4jut by Leger (C R. .Ufuf. Sacftces, v. 138, March 28 and .April 4, tgp4), 
and aj^rec with our own recent observations. 
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the undulating membrane will be found only along the anterior half 
of the trypanosome. 

The undulating membrane is always very thin, much more so 
than its border, which is constituted by the flngellum. We think it 
is always composed of protoplasm identical with that of the body 
itself ; we have never made out any special protoplasm, peri|)last or 
otherwise. It is ah\ ays hornogeiieous ; we havci never seen any 
reinforcing striae as occur, for example, in the Trichomonas (l"ig 2 , 5 ).^ 

Tlie variations in the membrane amongst the different species 
depend largely upon the number of folds which it exhibits. The 
largest number of folds is seen in T. vutatorium (Fig. 2 , 3 and ./), 
7\ avium (Fig. bo. Chapter XIV^), and 1\ ^ranulosum the eel. The 
pathogenic trypaiK^somes of mammals of the type brncci have 
membranes more folded than the non-pa thogenic trypanosomes of 
the typo Icicisi, Finally, there are forms (T. dimorphon, etc.) in which 
the liagellum is so closely applied to the body that the membrane is 
rerhiCfd almost to nothing. These few examples are sufficient : a 
study of the numerous iigiires in this book is of more value than any 
description. 

The undulating imanbrane is often prolonged anteriorly beyond 
the body itself; or, in other words, the body is represented 
anteriorly only by the continuation of the undulating membrane, of 
course vvilh the flagellum along its edge. Generally a free portion 
of tlie liagellum, of variable length, extends beyond this part (longer, 
for exami.)le, in 7'. Icwisi than in the pathogenic trypanosomes of 
mamrncals), the dimensions of which furnish sf)ccilic characters of a 
certain value. Sometimes the ilagellum has the same thickness riglvt 
up to the end ; at other times it gradually tapers off. 'rhis free part 
of the Ilagellum may be absent, however, as in 7\ dimurphon (b ig. 2 <S, 
(.'hapter VII.) and johmUmi bi, ChaptcT XIV.). It is also 
the case in a species which Ifroden has recently found in mammals 
(sheep and donkey) on the Congo. A similar appearance is observed 
in certain forms of 7'. rolatorinm, in which case it seems to be due to 
a change of shape — into a spherical form, with retraction of the 
undulating membrane — in a certain ntunber of the parasites after 
leaving the frog’s bloodvessels. 

Even amongst species of the type hnicci where the majority of the 
parasites liave a fn^e Ilagellum, some occasionally ha\e no free 
Ilagellum. This is probably connected in some way with rej>eated 
subdivision {;vidc infra). 

Taking all the known forms into consideration, it is impossible to’ 
attach great importance a generic importance) to the presence 
or absence* of a free llagellurn. For example, we should not on 
that account alone put T. dimorplion in a genus different from the 
T. ^amhiensc or 7\ hrucei. 

. * [^iince Schaudinn’s original dcscriplion of tlie ecioplasmic origin of llie iindu- 
Jating membrane :n 7*. nocittev, and of iht' occurrence of reinforcing^ stride in this 
menij^rane, several observers have described a similar structure in other trypano- 
somes.] ' 
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In forms without free flagellum the anterior extremity of the 
body tapers oft' just as much as in those with flagellum. 

[Since the interesting and very revolutionary observations of 
Schaudinn upon the l)Iood parasites of the owl (Atlievc iiociiui ; see 
Section 4), in which he describes sexual forms as well as a highly 
complex structure of the parasites, Zieinann, Prowa/ck, and others, 
have described analogous sexual and ‘ indifferent ’ forms, and also 
great complexity of structure, in several of the mammalian trypano- 
somes. l^rowa/ek’s lirst observations were upon T. lewisi, and in 
Chapter IW, Section the reader will find an account of the results 
obtained by Provvazek with this tryj>anosome as regards the sexual 
forms, the presence of an ectoplasm and of myonemes, and the 
compk‘xity of the nucleus.] 

In Trypanopliwna the undulating membrane runs along the 
whole length of the parasite, but it is only clearly recognizable by its 
border (formed by the flagellum), which folk)ws the (‘onvex surface of 
the body. The membrane has few folds, is not prominent, and in 
certain j)laces is ver\* closely applied to the body. Anteriorly, after 
coursing along tin? anterior rounded end of the body (see l^'ig. 3, ./), 
it turns back again along the concave side of the body to within a 
short distance of the centrosomo, where it a[)pears to he inserted. 
Posteriorly, the thickened Cidge of the membrane gives rise to the 
free posterior flagellum. Another free flagellum is seen anteriorly, 
which is inserted in fnmt of the centrosome, like the undulating 
membrane. Are the relations between the centrosome and. the 
flagella as close as in the case of the true trypanosomes ? We liave 
no definite observations on this point. ^ 

The longitudinal division of the flagellum in tr}panosomes has 
been studitjd witli the greatest detail. We may note) in passing that 
it is the first definite observation of division of the tlagelhirn amongst 
the flagellates. 

Division always starts in the centrosome. Two modes of division 
arc clearly recognisable: (i) That seen in T. leicAsi, where only the 
root of the flagellum is duplicated. This root is seen to broaden out 
at first, then to divide into two. (2) That seen in the majority of 
the other tr3*panosoincs, where the duplication of the flagellum and 
the undulating membrane proceeds gradually from the centrosome 
to the extremity of the undulating membrane. Sometimes the free 
flagellum is also duplicated. 

In the first case the short flagellum thus formed grows in a 
centrifugal manner, beginning from its centrosome. 

[From Schaudinn's observations upon 7 \ noctuce of the owl, it 
appears that the whole of the new flagellar apparatus is heveloped — 

* fin I'rypatwphuma hbrreli has described a centrosomic granule 

(‘dipiosome *) at the base of each flagellum ; and Keysselilz suspects the presence 
of similar granules in Trypanophis. I'rowazek also frequently figures such a 
centrosrmif: graliule, situated between the centrosome and the base of the 
flagellum, in both T, Icxvisi and T. bruceiA \ 
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independently of the original flagellum — from the daughter centre- 
some. Prowazek states that this is also the case with T. Iciinsi and 
and T, hrucei (see Chapters IV. and VI.). McX^al has described 
the same phenomenon in culture forms of l\ hrucci. There is some 
doubt, therefore, whether the flagellum of trypanosomes does really 
split, although blood-films in which fission forms occur certainly 
give one the imju'ession that the flagellum is actually splitting.] 

Tliere remains little to be said about the multiplication of 
tr}panosoines, since we have already spoken about the division of 
the nucleus, centfosome, -and flagellum. The simplest mode of 
division, as seen in the pathogenic trypanosomes of mammals and 
the trypanosomes of fishes, is a longitudinal division into equal or 
subc(iual parts. It begins in the centrosome,' follows in the nucleus 
and undulating membrane, and ends in the inotoplasm (Ing. 22, 
Chapter \T.). 

In 7 ’. IcK'hi, and also undoubtedly in certain trypanosomes of 
birds, the process of division is apparently more complicated. We 
shall be content to mention here only those points which a]q)ear to 
us to be the most important for the compri'hension of the type, 
TyypiinoHoma, leaving th<* considtaatic^n of less important details to 
the chapter dealing specially with 7 '. lacisi, 

'flu.' trypanosomes first enlarge considerably, and then divide 
longitudinally into two une(]ual parts. One of the resulting trypano- 
somes has a nucleus and centrosome exactly like those of its con- 
gener, but has less protoplasm, and a short llagc^lhim without 
undulating membrane. Those forms without undulating mernbrano 
can divide again, and give rise, by longitudinal and equal division (jf 
all their parts, to others similar to themselves — namely, small fusiform 
parasites, with the centrosome near, and sometimes even in front of, 
the nucleus, and without undulating membrane. In cnttiires only these 
forms arc found. These forms in their turn can give rise to others of 
the adult type with undulating membrane, probal)ly by displacement 
backwards of the centrosome and the elongation and lateral dis- 
placement of the flagellum, which comes to be the border of a 
projection from the side of the body. As we shall see later on, tliese 
rat trypanosomes thus pass through a stage which is the adult 
condition in other flagellates — the genus Ilcrpetoninnas. 

All the flagellates parasitic in the blood known up to the present 
can be grouped in two genera : 

I. Tkvuanosoma, Gruby, 1843 (Laveran and Mesnil, 1901, 
amended) Pla^^cllates with fusiform Iwdy, presenting laterally an undu- 
lating membrane^ whose thickened edge ends posteriorly , in the posterior 
half of the tody, in a centrosomic corpiisciile (elearly differing from the 
nucleus in structure), and anteriorly is usually prolonged as a free 

. ' [Although the centrosome is usually the first to divide, division may some- 
times begin in the nucleus.] 

yVe reproduce here, with very slight alteration, the description wc gave in 
»9oi (C. ye. Aca,f. Se/emrs, v. 133, p. i|i). 
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Jlagellunt. Binary longitiidinal division into equal or unequal parts. 
Certain species pass through a sta^e ’H'ithout undulating membrane. 
Parasitic in the blood of all classes of vertebrates.^ A ver>' large 
number of species known. 

2. TKVPANorLASMA, Laveiaii and Mesnil, rcjoi (amended 1904) : 
Flagellates ’iaiih clou^i^uitcd body, presenting laterally an undnlatin}^ 
membrane^ hdiose thickened edge is prolonged posteriorly as a flagellum^ 
and turns back anteriorly to reach a mass (centrosome) u'hich is as large 
as, and has up to a certain point the same structure as, the nucleus. An 
anterior free jhigellum has its origin in the same mass. Multiplication 
is probably by binary equal longitudinal division. Parasitic in the blood 
of tislies.- Several species known. 

The differences between the characters of the two genera are 
so clear and sharpl}^ delined^ that the necessity of dividing the 
Jlagellated hrematozoa into these two genera is unquestionable. 

Is it necessary to create a larger number of genera ? The various 
species- of the genus Tvypanoplasmu are closely allied, therefore no 
diflicnll\7 arises on that point. As to the species of the genus 
Trypanosoma, there ar(2 (as wo have*- already shown in previous pages, 
and as a study of our figures will also demonstrate) all stages of 
transition from one to another. A further generic subdivision, based 
on any single (dKiractta'istic or group of characteristics, appears to 
us quite itri possible. 

In another paragraph we shall justify the generic names we use. 

[Woodcock*' places the flagellate of the owl, the life cycle of which has 
been so fully worked out by Schaudinn, in a new genus (Trypanoniorpha). 

Liihe, in his article on the blood parasites in Mcaise’s ‘llandbucli der 
Tropenkrankheiten,’ v, 3, 1906, ‘creates the iicav genus Tvypaiwzoon 
(witii flagellum anterior) for all tlie inanimrilian trypanosomes. On the 
other hand, he thinks (\vilhout giving reasons for so doing) that the 

' | Wc sliall see later that trypanosomes liave been dcs(:ri])ed in tsetse dies, 
though, of course, ii is possible that the Hies liaU ublaincMl their tiyj)anosomes by 
siK king the bUnxl of some vertebrate which contained the ])arasiics. | 

‘ [Lcj^er has since dc'scrilied (in ('. A\ Soe. /Ho/., \\ 58, 1905, p. 51 1) an 
in/estina/ trypanoplasm in hslies. In the same paper he expresses tin; opinion 
that Keysselitz’s new genus Trypanop/iis (see footnote 4) is so like Trypano- 
p/i/sma that the former should be included in the latter.] 

^ [In the ori^^inal it is stated that /u'o species are known, but since that was 
written several other species have been described and named (see Chapter XV’’! I.).] 

' l*oche/ 1 ^a:^ recently discovered {Arhei/. a. d. zoo/, hisf.zit li'/en,v. 14, 1903, 
P* annuigst pelagic (Jarlenterata of the group Siphonoj)hora, a flagellate 

with undulating incinbrane which he has called /'ryptniosoma grob/}nu. 'I’he 
subjec* has recently been further studied by Kcysselitz at Kovigno. In his paper, 
which has recently apjx-ared {An//, f. /h'o/is/cti/cunde, v. 3, IQ04, p. 367), he 
regards this flagellate as the type of a new gen\is T/yponop/iis, i haracterized by 
a short anterior tlagelluni and a long flagellum posteriorly running along the 
whole length of the body, accompanying an umlulating membrane. The centro 
some (or blepharoplast), situated quite in front, is much smaller than the nucleus. 
Evidently this new genus is closely allied to '/'/ ypttnop/asn/a, according to the 
modified description we give above. 

•' Perhaps the flagellated harnalozoon seen by Dutton and Todd in the blooil 
of mice 111 the (iarnbia Colony (see Chajiier \\) is neittier a Trypanosoma nor a 
Trypan op/ asma^ According to the observers, it had no undulating membrane, 
and reminded one of a Herpetomonas. As their observations were made only on 
fresh speciiricns, it is as well to keep an open mind upon the subject. 

[Woodcock, Onar/. Journ. Mkr. Sc., v. 50, part ii., iyo6, pp. 283-289.] 
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trypanosomes of fresh -water fishes have the flagellum posteriorly situated, 
and he puts them in the genus Ifaiiiafomonas, created for them by Mitro- 
phanov. lie does not commit himself upon the trypanosomes of other 
vertebrates, and therefore leaves us in doubt as to the morphological 
orientation of the type species, T. roiatorium ’ (Mesnil).^] 

Section 2. — Biology of the Trypanosomes. 

Tlie general survey we are making of the trypanosomes would be 
incomplete without referring briefly to their behaviour in the blood 
or body-fluids of infected animals immediatcl}^ after leaving the 
body and in vitro under different conditions. 

Ni’Trition and Movkmknt. — T rypanosomes derive their nutri- 
ment by osmosis. No digestive vacuoles or solid bodies of any kind 
are ever seen in them. Trypanosomes displace the red corpuscle's 
by their movements, l)iit we have newer seen them attack the red 
corpuscles, either to absorb them or to penetrate into their inteTic^r. 
Nevertlieless, judging from McNealand Novy's attemjits to cultivate 
them, haemogloliin seems to lie useful, if not indispensable, to them. 

((ioebel- has studied the osmotic properties of 7 \ hnuei by adding a 
drop of l)lood rich in trypanosomes to i c.c. of saline solutions of various 
strengths. In vSlrong solutions the trypanosomes are rendered motionless 
ill onc^, aiul lose their virulence, but retain their shape. In isotonic 
solutions th(W' remain motile, while in weak solutions they become 
defomiecl and involuted. Trypain)somes imuKjbilized strong solutions 
remain alive lor some lime one hour in a normal solution of NaCl), 
and on tii luting sufficiently, regain their mobility and virulence. 

The action of the saline solutions upon tluj trypanosomes is almost the 
same as on the red corpuscles ; perhaps the latter are a little more sensitive 
than the trypanosomes. 1 

The movements of trypanosomes are due chieily to the undu- 
lating membrane and the free flagellum. When nunung sluggishly 
in luen one can study in detail the movements of the membrane, 
which consist of undulations, first in one direction then in another. 
It is po.ssible to make out also that the free flagellum has a lashing 
movement, oscillating alternately to the right and left. When the 
trypanosomes move from place to place, w ith the flagellum foremost, 
which is their usual mode of progression, this movement of the 
flagellum to right and left can again be distinguished if the parasite 
IS not moving too quickly. When it is very active, however, one can 
see only a darting, arrow'-like movement of the whole of the parasite. 

Besides these movements of the undulating membrane and 
flagellum, there are others due to contraction of the whole of the 
protoplasmic body. This contraction is apparently dependent upon 
a kind of myocj^te layer, such i\s has been observed in gregarines 
and othei* Sporozoa, [or upon the somewhat spirally-arranged 
myonemes described by Prowazek and others in several of the 
trypanosomes.] Finally, there are amceboid movements localized in 

* j-Mcsnil, in />;///. /ns/. J\ts/., v. 4, 1906, pp. 793-795.] 

[t^oebel, Ann. Snr. ined. dc Gand^ 1906, p. 1 1 ; abstract by Mesnil, in Itn/i. 
Inst. /\u/., V. 4, 1906, p. 256.1 . 
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particular parts of the body especially the posterior part (sec section 
on Morphology for variations in shape of this part of the body). 

One or other movement predominates, according to the species. 
Amongst the mammalian trypanosomes it is the llagellar motion, 
but this varies in degree in the different species. b'or example, 
T. laensi easily tra\'crses the field of the microscopes with an arrow- 
like motion ; trypanosomes of the type bntLCi hardly move from 
the spot where first seen, except 7'. evansi, which is sometimes S(?en 
to travel across the field of the microscope, but always more slowly 
than T, leu'isi.^ 

The contractile movements of the protoplasmic body are often 
seen in the trypanosomes of fislies — for example, the parasites of the 
eel or of the Sclacliii, which are often contorted and coiled up on 
themselves. The trypanoplasms also move al)out very actively, so 
as to resemble a piece of drapery or muslin thrown into a sncc(JSsion 
of folds or curves. Lastly, 7\ rotaioriiim of frogs exhibits marked 
amceboid movements, consisting mainly of contractions of the ex- 
tremities of the In^dy, especially the posterior, with constant changes 
of shape. 

iNi-F.CTiviTV AND \ iRij FKNXF. — Trypauosomes develop \\\ the 
1)ody of tin animal owing to their power of re]^rodiiction. l>y thei 
patlK)g<mic trypanosomes this power is retained throughout the ilhiess, 
but is more or less developed according to the species of animal 
infected and the period of the disease. Fur example, in a hors(j with 
nagana the trypanosome’s power of reproduction coincides with the 
febriUi attacks. In the case of the non-pathogenic trypanosomes, 
the p(Tiod of multiplication of the parasite is limiled to a certain 
number of days at the begimiing of the infection. Later on only 
adult forms of tlie parasite are seen in the blood and internal organs, 
developmental forms being absent. 

Even in the case of the non-pathogenic. trypanosomes the power 
of infection ma}' vary within certain limits. Such is the case, for 
example, with 7\ lewisi, where the variation depends upon both the 
origin of the trypanosome and the rats inoculated. We shall see, 
moreover, that this species is in certain cases really virulent, the rats 
dying from it not showing any more trypanosomes than other rats 
which, infcc>fed with another strain of parasite, are unaffected thereby. 
Apparently, therefore, infectivity and virulence may be independent 
of one another. 

* [I have very ofion seen the hiiinan tryijanosome, both in lunrian blood and 
rerebro-spinal fluid and in ilio blood of inoculated animals, travel very rapidly, so 
that it was with cliflTicul y kept under observation by moving the slide abo\it. 'Fhc 
same rapidity of iiujvement was seen in the case of several animal try]>ano.somes 
found in Uf^anda. Possibly the dilTcrencc between iny own and the authors' 
observations may be due to the fact that in our laboratory in L^^>anda the 
temperature w'as j^enerally about So’ F. ami the air very moist, and that the 
cover-pilasses were always ringed with a layer of vaseline at once to prevent 
evaporation. 

Ziernann has aho described in the blood of cattle in Cameroon, a very active 
trypanosome, which, on account of its great activity, he calls 7'. vivax, (See 
Chapter Vr.)] 
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For a given pathogenic trj^panosome the virulence varies, first, 
with the species of animal inoculated. Every chapter of tliis book 
furnishes so many instances of this that there is no necessity to 
insist upon it here. Secondly, it varies with the race of the 
inamrnal ; thus it seems clear that races acclimatucd to the countries 
where such trypanosomiases arc endemic arc less susceptible than 
corresponding races of unaffected areas — r.g., dogs imported into 
South Africa or India, catth'. from Madagascar, etc. 

Thirdly, it varies with the origin of the trypanosomes, and thus 
seems to de])end on conditions we .are unable to determine accurately. 
All the evidence brought forward hitherto^ goes to show' that all the 
human trypanosomes seen in Africa belong to a single species — 
7'. ga///^u‘;/sv, y('t the parasite studied by Ihiimpl and Wurtz was 
clearly more virulent than that from the (lambia studied by Dutton, 
'fodd, Annett, and ourselves. The latter was more virulent than 
that of Hi lice, Nabarro, and (ireig from Uganda, and finally Manson, 
with a trypanosome from another source (Camgo), was imaldo to 
in feel any animals. 

h'ourthly, virulence apparently varies, thongli only to a slight 
(•xtent, with jiassage through certain definite sjiecies of animals." To 
this undoubtedly must be attributed the different results obtained by 
Kanlhack, Durliam, and Hlandford in England, and l)y ourselves in 
l"raiu:e, with the same strain of trypanosonu*, and with very closely 
allied races of mammals. Other instances of tins will be found later 
on in this volume, and we shall see that Koch and Schilling at one 
time thought that a method for vaccinating bovines against T. hriicci 
migtjt be based upon this diminution of virulence by passagti. 

PKiisanvATioN C)}' Trvi»an(»somks in vitro, — "JYypanosomes can 
be kept alive for a time in the delibrinated or citraled blood of an 
infected animal. The addition of physiological saline to defibrinatod 
blood rather favours the preservation of trypanosomes, whilti the 
addition of ordinary or distilled water brings about their death more 
or less rapidly, according to the propt)rtion of water added. 

A large number of chemical substances are harmful to trypano- 
somes m vitro. A list of them will be. given in the acctaint of our 
attempts at the* treatment of nagana. 

Trypanosomes are very sensitive to heat. Few patliogeiiic 
trypanf)somes can stand for even a very short time a temperatnrt? of 
4^ L. or above. Exact data will be found in the chaj)ter on 
i • brncei. T. Icu'ist is more resistant to temperatures abt)ve 40^ C., 
but its sensitiveness is .still very marked, and it never lives longer 
than twelve hours under those conditions. 

Irypano^omes are better able to resist a lowering of temperature. 


( I f ®uly exception is th«'it of Plimmer, to which reference is made in 
' which has not been confirmed by any otiicr observer.] 

" ^ shall see laicr on, however, iliat the ‘genealogy’ of a parasite - -that is to 

the number of times it has been passed through animals and the different 
^lecies of animal through which it has passed— may have a decided effect upon 
V virulence, often resulting in a virus-jixe, (See Chapter VI., part ii.)J 
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This is particularh' the case with T, leu'isi, which has been kept for 
two months at a tem{)oratiirc of 5 ° to 7 “^ C. This parasite can live 
between the extremes of temperature 5 ^^ and 40 ® C. On the other 
hand, pathogenic trypanosomes do not live for more than five or six 
days at 5 '' ('. 

Trypanosomes show a certain amount of resistance to tempera- 
tures below zero, but some die very rapidly. The lower the tem- 
perature, the more rapidly does death take y)lace. Jurgens has 
shown that 7\ kept for two hours at C. is no longer 

virulent. Under very similar conditions we have found a few trypano- 
somes still motile and highl\' infectious for the rat. 

After a quarter of an hour’s exposure to liquid air ( - iqi'^ C.), all 
the trypanosomes with which we have experimented (various patho- 
genic trypanosomes and 7’. Icicisi) were found still virulent. It is true 
the large majority had died, and only a very few w(Te found motile. 
After an hour and a quarter’s exposure (on two occasions) 7\ lewisi 
was still able to infect a rat. Blood containing 7’. dimoiphon was no 
longer infectious after an hour’s exposure, although motile parasites 
were still visible. After twenty-four hours' exposure 7’. Icwhi and 
7\ Jiniorplioji were all completely destroyed or spherical in shape; 
neither was virulent on inoculation. 

l>(?forc dying the trypanosomes undergo various changes of form, 
of which the following are the most important : The appearance of 
vacuoles in the protoplasm, especially at the cenlrosornic end, 
granular degeneration of the {)rotoplasm, detachment of the flagellum 
from the uiululating membrane, and conviu'sion of the protoplasmic 
bod\' into spherical forms, passing through intermiidiate stages, such 
as tadpole forms, in wliich a little protoplasm still accompanies the 
flagellum. Some of these degenerative stages are seen in vivoy as, 
for cxamt)le, during the last hours of the life of an infected animal; 
also, in a marked degree, in an animal treated with human scrum or 
with arsenic. 

Another very curious phenomenon exhibited by trypanosomes is 
agglutination. But in this case, contrary to what has been observed 
in the case of bacteria, agglutination is not preceded by loss of 
motility. The results of agglutination are very peculiar: rosettes 
composed of a variable number of parasites, all joined together by 
their posterior extremities, and with the undulating membranes and 
flagella still carrying on their different movements. 

These phenomena, which take some time to appear in the case 
of trypanosomes kept in the defibrinated blood, occur very rapidly 
and to a marked degree on adding to defibrinated or citrated blood 
serums obtained from species of animals different from that which 
has furnished the trypanosome, or, as in the case of '7'. lewtsi, a 
specific serum from the^aine animal species. 

Cui/ruKKS. — Cultivations of trypanosomes are best made in the 
water of condensation in tubes of a solid medium, consisting of 
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nutrient agar, to which is added, when at a temperature of 50" 
as much delibrinated blood as possible (up to two or three times the 
volume of the agar). This method of cultivation has been particu- 
larlv successful in the case of 7 \ Icu'isi. Inociihitions from one tube 
into another succeed, and sometimes give rise to a copious growth, 
in which the parasites are typical in appearance. Generally, how- 
ever, the culture forms have no undulating membrane, and the 
llagellum is inserted in front of the nucleus. The parasites arc of 
all sizes, from i to 2 /a in length (without nagellum). Some parasites 
seem to be able to pass through a Berkcfeld filter, for the filtrates of 
cultures are infectious. 

Results obtained with the pathogenic trypanosomes are much less 
satisfactor\', and the culture forms, containing as they do numerous 
protoplasmic granules, give the impression of being under unfavour- 
able conditions. 

C'.iltures do well at 23^^ C., or even at the ordinary laboratory 
tcmj)erature. The organisms grow slowly, but remain alive and 
virulent f jr a very long time. At 34'' to 37° C. growth takes ]dacc 
rnon? rapid!}', but the cultures die in a few days. Temperatures 
alxwt; 37° C'. arc quick!}’ fatal. These facts are analogous to those 
which we ha\'e noted in connection \vith the [)reservation of trypano- 
s(jmes ui vitro. 

Section 3. Historical Survey of the Genera of Trypanosomes. 

Neither Valentin, wlio discovered the tr}4)an()sr)me of the trout 
in 1841, nor Gliige, who discovered that of the Irog in 1842, thought 
of giving new specific or generic names to theset parasites. The 
former author simply classes his hicmatozcjon with the Proteus or 
Amo’lue of Ehrcnberg. Mayer, in July, 1843, gave specific names to 
the parasite of the frog {Amevha rotatoria, Parauucciiim loricatiim 
and cmtatiun), but, nevertheless, placed it in two old genera, Auurba 
and Paraunveium, where it evidently could not remain. 

It is tlujicfore undoubtedly Gruby^ who, in Noveml.)cr, 1843, was 
the first to give a new generic name to the organisms wo are study- 
ing, and that name, 'Trypanosoma, should be retaincKl to designate 
the trypanosome of the frog (species, sani:^Hims, Grub}', antedated 
b}' rotatorium, Mayer) as well as the other flagellates, which ought 
to be included under the same generic name as the species of Mayer- 
(irul)}'. We have shown in a preceding paragra[)h that all the 
ha:moHagellates known up to the present should be so included, 
with the exception of the new species of parasite found in fishes, for 
which a new generic name is necessary. These points admitted, 
\ve. shall iiKpiire into the synonyms of the genus Trypanosoma. 

In 1871 Ray Lankester,- unacquainted with the w(jrk of Gruby 
and his predecessors, rediscovered the T. rotatorium of the frog and 

] Gruby, C. A\ Acad. Sciences, v. 17, November, 1843, p. 1134. 

“ Ray Lankester, (liuirt. Journ. Micr. Sc,, v. 11, 1871, p. 387. 
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described it under the name of Undiilina ninarum, Undidma is, 
therefore, the lirst synon^'in of Trypanosoma. 

Saville Kent, in vol. i. of his ‘Manual of Infusoria ' (rS8o-i88i), 
classifies the genus Trypanosoma Gruby with two species: (i) 7 \ san- 
guinis of the blood of Rana cscnicnia and R. Umporaria (with Undulina 
ranariun Lank, as synonym) ; (2) T. eberthi (n. sp.) for the parasite 
of the Cc'ecum of birds described by Eberth in i 80 i..^ 

In another i):irt oi his book Kent creates the genus HcrpeUmionas 
for the form Jigured by Stein in his ‘ Infiisionthiere ’ (part iii., 1878) 
under the name of Ccrcomonas muscu-domcstictu and identified with 
the Rodo musac-domcslicu' of Burnett and the C. mnscarum of Leidy. 
The parasite seen by Lewis in the blood of rats in India is included 
provisionally by Kent in this new genus Herpetomonas ; he calls it 
llcrpct. IczAsi. This inchision of the llagellate of rats in the genus 
Iltrpctomonas was admitted in 1884 by Hiitschli (article ‘ Protozoa’ in 
the work ‘ Tierrcich ’), and was retained until recent years, at least 
provisionally, by W'asielcwski and Siam and by ourselves in our earlier 
publications.- I'or e.\amj)le, Senn in Kjoo, in the article dealing 
with the Elagdlaia in the ‘ Pilanzeiifamilieu ' of Kngler and Prantl, 
gives the fidlowing differential diagnosis of tlie two genera Trypano- 
soma and Herpetomonas : 

(hidiilaling membrane thickenoil in the form of a flag(?l- 
lum along the outer border, and not reaching’ to 
the posterior extremity of the cell ... Heypetomonas 

Cndulating membrane not thickened along tlie edge, 
and running from the anterior to the posterior 
extremity oi the cell .. . ... ... ... Trypanosoma 

J 3 ut n^c('nt researches have shown that the retmition of the genus 
Herpeiouumas to designate the llagt'llates of the tyj)e le^eisi is impos- 
sible for two reasons: First, the Herpetomonas inusca'-douiestieiCy Xho 
type-spccies of the genus H erpetomonas^ from its morphology (whether 
one accepts the description of l^'ger or the more recent one of 
Prowazek) should belong to a genus different from that containing 
the flagellate of the bhjod of rats (constant absence of the undu- 
lating membrane in the case of the parasite of the lly, etc.). Secondly, 
the study we made in i<jor ' of the type-specie.^, of iho genus Trypano- 
soma showed that this species did not differ, in any^ essential 
character haT ing a real generic value, from the species leicisi (it has, 
in tact, all tue characters which Senn gives to his genus Herpetomonas), 
and that there was no reason to ckissify that species, and all the 
allied .>]>ecies, m a new genus different from Trypanosoma. 

All the facts discovered since that time, establishing, as they do, 
tne exisieuce of a series of trypanosomes intermediate in all respects 


1 Kbcrth, y.cituhr f. WUs, /.ooL, v. 1 1, 1S61, p. 98. It is tcenty-five years 
Lcuckarl ca\\v.i\ attention to the fact, as Stein had already done, that this 
''Upjx>sed tiypaiios^jiMc ir. probably a Triehomonax. Wo also agree with this view. 

I 1 (Danilcwsky, Chalachnikov, Halbiani, f.averanj 

r.v.ludcd unckv the same generic ■.vmie the parasites of the rat and frog. 
1 -uve.ian and^Mesnil, R, Soc, Biol., June 22, n^oi. 
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between 7 \ rolatoriiim and 7 \ Iculai, have confirmed oiir view, which 
has, moreover, been accepted by Senn^ and all competent authorities. 
The genus Herpetomonas, with the inodilied meaning given to it by 
Seiin, ought to disappear. It should be retained in its original 
sense and with its type-species. 

In 18S2 Grassi,- while accepting the genus Tvypaunsoma Gruby, 
created a genus Paminaciouics to designate a special parasite of the 
blood of Rana csculaitu, with undulating membrane, but no free 
flagellum. \Vc shall show, when speaking of I\ nytalovinm, in 
agreement with the majority of authors (Biitschli, Danilcwsky, etc.), 
that the form for which (^rassi created a new name is a special 
form of 1 \ rotalariiim. The genus Paraniucinhli's should therefore 
also be considered a synonym of 'rrypanosoma. 

In 1883 Mitrophanov-^ introduced a new name — the genus 
Hcematumomn — for two spccic^s of haunatozoa of fishes with an 
undulating membrane and anterior flagellum. The author’s 
description and drawings show clearly that the organisms in 
([uestion were what we understand by the name Trypiiiiosoma (as 
opposed to 'TrypLi noplasma). 

[It has already been mentioned tliat Liihe also places the 
trypanosomes of fresh-water fishes in the genus llamalumojias of 
Mitrophanov. He has further created the new genus 'Trypanozonn 
for all the mammalian trypanosomes.] 

This name Jlccniaiomonas was applied by Crookshank,^ in t 8S6, 
to the trypanosomes of Lewis and JCvans, but Crookshank only 
regarded it as a sub-genus of Tnehomonas Donne, 1837. '‘I 's only 

necessary to glance at Fig. 2, 5, which represents a TricliouionaSy to 
be convinced that such a generic assimilation is untenable. No one 
else has adopted Crookshank’s view. 

Of the work of Danilcwsky (1885-1889) ‘ we sliall say but little 
here. He disregards the Linncan rules of nomenclature and never 
troubles about rules of priority. lie designates the flagellated 
luematozoa generally under the name of Trypanosoma, but he 
creates names of generic value to designate certain phases in their 
development. Thus he calls the flagellated forms of Trypanosoma 
without undulating membrane Trypanomonas. We shall find this 
name Trypanomonas used by Labbe as a generic term to designate 
a parasite from the digestive canal of leeches. ■ 

Doflein,*' in his book which appeared in July, 1901, places all 
the hajmatozoa with undulating membrane in the single genus 
Trypanosoma^ but he divides it up as follows : 

‘ Senn, Arch. f. Proiistcnkwnie., v. 1, 1902, p. 344. 

- Grassi, Arch. ital. de Biol., v. 2 and 3. 

^ Mitrophanov, Biol. Centrcilbl., v. 3, 1883, p. 35. 

\ Crookshank, Roy. Micros. Soc., December, 1886, p. 913. 

“ Danilewsky, Biol. Centralbl., v. 5 1, 1885, p. 529, and ‘ La parasitologie 
comparee du sang,’ i.,Chaikov (1888 in Russian, 1889 in French). 

” Doflein, ‘Die Protozoen als Parasiten und Krankheitserreger,’ Jena, Fischer, 
1901, p. 57 - 
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Chief fla.t^elluin absent, or very short and 
thick 

' Undulatin^Mnenibrane prolonj^ed 
as a posterior flaf^elluni (two 
Chief present) 

No posterior tlajL^elliim. Uiidn- 
piesen latinj^ iiienilManc terminating 

with tlie body, or even not 
reaching the end of the l)ody 


■ Snb-genns Trypanosoma 
{scnsH sti'icto). 


S ub-gen 11 s Trypanomonas 
( Daiiilcwsky - Labbe). 


Siib-geniis JJerpetosvma 
(new). 


d'he name IJcrpctosoma replaces HcrpctoniDJiasy to which Dollein 
restores its original significance. The siib-gcnera Tiypiniosoma and 
Hcrpclosoma correspond to the two genera 'Tiypanowina and Ucrpcio- 
Jiunias in Scmn's classification. 


In the sub -gen ns I'rypanoMnna DoHcin places three species: 
Trypiinosoniii .sv 7 /:g//////.s Cii nby, type-specics of the genius, T, eberthi 
Kent, and 7\ hulhinjiii Certes, We have already stated (see 

p. 32 , footnote) that 7’. ebevlhi was, in all probability, a I'n’chonitmas, 
The T, halhitiuii was discovered by C>crtes ^ in iiS 8 j, and studied anew 
by MTibius, C'.ertes himself, and Lustrac. It is found in the digestive 
tube and crystalline st>'le of oysters and of other bivalves. Those 
various authors have described it as a very motile organism, with 
undulating membrane along the whole length of the body, but no 
free (lagellum. We have shown - that it was not of the nature of a 
Hagellatod Ih'oto/oon, but of a Bacterium. Tint chromatin substance 
is not condensc^d into a definite nuclcnis, but scattered throughout 
the protoplasm of the body. Moreover, there is, strictly speaking, 
no undulating membrane, but rather a loose sheath, in which the 
body floats, joiiuMl to the body by its two extremities. There is 
certainly no tlvickeiied edge to the 'membrane as in Trypanosoma. 

[This parasite, which is perhaps a true Spivochicta, and ought to be 
called S. haUnanil, has rea*ntly been closely investigated by IVrrin,-* lie 
describes sexual and ‘ indifferent’ forms of the parasite, as well as encyst- 
rnent of the female and indilferent forms. Many of liis figures, however, 
do not r(!adiiy suggest the interpretation which lY*rrin places upon them, 
yies * describes flagella in bunches, but recognises- -as, indeed, some of his 
figures suggest -tliat these ‘ flagella ’ may be due to fragmentation of the 
membrane.: 

b'inahy, Doflein giv(?s an in( 3 xact definition of the Trypanosoma 
sany:innis. 'fhat definition amended, and the two si)ecie.s ehcrlhi and 
halhiami omitted, the sub-genus 'Trypanosoma of Doflein blends with 
bis siib-goniis Ucrpelosoma, and, as wc l}avc already had occasion to 
mention, iht' creation of these two siib-genera is no longer justified. 

As for the sub-genus 'Trypanomonas, its definition is the same 
as, only shorter than, that of the genus TiypanopSisma, which we 
created some mr)iuhs later. 

C erics, //?///. Sop. ^.ooL Fmnct. v. 7, 1882, p. 7. 

" r C'. R. Sod. IUoL, October 19, 1901. 

.. .! l^“h^ Proc. Roy, Soc., Scries B, v. 76, 1905, pp. 368-375 ; Arch^f- 

t rointcnL'unuc,, v. 7, j9on, pp. 131-156.] 

■* [Vios, C. A*. SoL\ Biol,, November 16, 1906, p. 408.] 
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We come next to the creation by ourselvc^s, in Octol>er, 1901/ 
of a new genus, Trypanoplasuia, with the chaiarters we have given 
above. Wc shall now give our justilicatioii for itiis new generic 
name. 

It is quite probable that organisms answering to the characters of 
the genus Trypauoplasma had been previously seen by others. Cha- 
lachnikov has described varieties of trypanosr>mes in fishes (especially 
of the carp) with two llagella, anterior and posterior, '['here was 
some doubt about this description of the trypanosome of the carp 
until M. Plehn described a trypanoplasm of the carp, d'here is 
little doubt that Plehn saw and described tlu^ parasite seen by 
Cdialachnikov. The latter did not create a special generic name for 
his bi-flagellate species. Since then other bi-tlagellate trypanosomes 
have been described, l)ut we have such scanty details about these 
parasites that their existence c.an hardly l)e considertid as proved. 
The trypanosome of the guinea-pig of Kunstler '- is jigured with two 
flagella, but the i'lgure is not accornj)anied by any description. 
There were possibl}^ also two flagella — the author is not very explicit 
on the point — in a trypanosome found by Labbe’’ in the digestive 
tract of leeches which had sucked mammalian blood (from the horse 
or ass, Labbe thinks). Labbe compares this trypanosome with 
the. forms described by Danilewsky under the name Trypanouionas, 
and he calls it 'J'rypiniouioiiiis ihinilexuiskyi. Put wc now know t(?at 
'J'rypiuiojjitwas is a particular evolution form of certain species of tlic 
genus Tiypanosoma which never has two flagella. Hence, evc*n if tlui 
trypanosome of Labbe were really bi-flagellatc, it would not be 
correct to adopt the generic nanu? Trypanonionas for thr^ bi-flagellate 
trypanosomes, as Doflein does. The name 'rrypanomouas should 
disappear from the nomenclature, sinc(i, taken in its original sense, 
it designates only particular forms of Trypiinosomn. 

In conclusion, we may say that the existence of parasites with 
undulating inembrane and two flagella had not been established 
before onr discovery, in 1901, of the hajmato/t)on of the red-eye or 
rudd, and, in any case, it was necessary to create a new genus for these 
organisms, since no existing name was qualifu^l to designate them. 

Section 4. — Position of the Trypanosomes amongst the 

Flagrellates. 

The position of the trypanosomes (genera Trypiinosoma and 
Tyypcinoplasina) in the classilication of animals is still far from being 
definitely established. Let ns, therefore, give the views of the best 
iiuthorities. 

In 1880 S^aville Kenf^ made the Trypanosomata the first order of 

‘ Laveran and Mesnil, C. R. Acad. Sciences^ v. 133, October 29, 1901. 

" Kunsilcr, Rtill. scientif. France ef v. 31, 1898, p. 20O. 

A. Labbe, Bull. Soc. zool. France^ v. i6, 1891, p. 229. 

‘ Saville Kent, ‘A Manual of Infusoria,’ v. 1, 1S80-1881. 

3—2 
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tlie class Flaiicllahi. Tims hft gives them an isolated position in his 
classilication. We may add that this order comprises the single 
genus Trypanosoma, and' that the parasite of the rat’s blood is placed 
in the Hcrpi'ioinouas {tnik sh/; a), which forms part of the family 

Ccn:imionadinu\ 

We line! nlmost tlie same ihin^ in the article ‘ Protozoa,' by 
]>L\tschli^ in the ' Tierrt ich ’ of Bronn. Trypanosoma and Herpeto- 
inonus (including the parasite of the rat) are placcxl correctly in the 
same sub-order, Mouadiiia Biitschli ; but Trypanosoma there occurs as 
an appendix to the family Rhi::omasti<^ina of Saville Kent (tlagellatcs 
which emit pseudopodia), whilst Herpeiomunas forms part of an allied 
family, Ccrcunionadina (also of Kent). 

Danilewsky,- in i<S8S, insists upon the affinities of the trypano- 
somes, especially in their simple form (without undulating membrane) 
Trypiuiomojias, with the Ilerpi tumoiias and Lepionnmas of Kent. 

Senn,’^ in 1900, places the two genera Hcrpctomonas and Trypano- 
soma (with the descriptions given above) side by side in the family 
Oicomonadaccic { ~ ('creonwnadina' of Kent), of the Proiomasti- 

ginu\ the simplest of the Tlagcllata. This family, characterized by 
the presence of a single llagellum, and the absence of a lip-like or 
collar-like process of protoplasm at the anterior extremity, is made 
up as follows ; 

j No undulating membrane,.. Gen. Oicontonas, Lcpionwnas, 

No AncyrojnonaSy Pliyllomonas, 

envelope Undulating membrane ... Gen. ITcrpctonwnas and 7 Vy- 
l panosoma. 

Envelope Gen. Codomvea and Platy- 

i/icca. 

Later, in 1902,^ in a review of recent resi.'arches upon the 
trypanosomes, he admits the identity of llerpclonnmas (as he under- 
stood it in 1900) and Trypanosoma , and he n^cognizes the existence 
of the new genus 'Trypanoplasma, But lie thinks this genus should 

be placed in a family distinct from the Oiconwnadacccc namely, the 

family llodonaccc, characterized by twcj anterior flagella. He adds 
that 1 rypaiioplasma is not exactly like any particular member of the 
Bodonacce ; \L should be placed near lUulo as a genus differentiated 
through luiving acquired a parasitic habit. 

In the interval, and betore the discovery of the genus Trypano- 
plasma, Doflein, in 1901/* placed the trypanosomes in the order 
T roiomonaauia of IMochmann. He divides the Protonionadina into 
three fiunilies : (1) Trypanosomuhe, comprising the single genus 

' Ijionirs ‘ licrreich,’ ‘Protozoa,* v. 1, fasc. 2,. ‘ Mastigophora,* 

pp. 811-813, 6 I » 

Danilewsky, ‘ La parasilologie conipnrce du sang,* i., Charkov, 1888 and 18S9. 

(r. Senii, * Die natiirlicLen l*flanzenfaniilien von Kngler und Prantl,’ Parts 
202 and 203, Leipzig, 1900. 

I i^roiistenkimde, v. i, 1902, p. 353. 

I oilein, ‘ Die Protozoen als Parasiten, etc.,’ loc. cii. 
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Trypanosonui ; (2) Cercoinonadinuf, with the genus HcrpctomounR Kent, 
amended D(;fleiii (excluding the parasite of blood of rats) ; and 
(3) Bodanidce. 

[Minchin* divides the FhArjcLr.ATA into (ir) Choanofluy^ellala (with 
one llagtdlurn and one or two collars at its base) and (h) LisaoJlagdUita 
(Hagellurn single or multiple, no collar, and sometimes an undulating 
membrane). The Lisso/la^cllata comprise three orders : ( r) Mouadidai, 
(2) Eii^lcnoidimi, and (3) Phylojhxircllata, All forms of i)ara.sitie 
Flagdlaia hitherto known arc referred to the first of thesci orders, 
the Mvnadidca, Minchin gives three sub-orders of this order — namely, 
(i) PantiisUminci, (2) Pyotoimidi^hia, and (3) Polymasli^fina. 'I'he 
sub-order Protomadiy^ina is the most important from our point of 
view, including as it does (i) the genus Trypanosoma and its allies 
{Tvypanoplasma, and perhaps Tvypanophis), grouped together as the 
family Trypanosonuitidcc ; (2) the genus SpirocliuHa and allied forms; 
and (3 and .4) the genera. Hcrpelomonas and Crithidia,] 

Leger, in his pul)lications of 1902 and 1903, in which ho gives 
precise cytological details concerning Ilerpdomunas and creates a 
new genus, Crithidiii (body pyriform or like a barleycorn, instead of 
fusiform, as in Ilcrpdomnnas), also draws attention to the close conntjc- 
tion between these genera and the genus Trypanosoma^ based no 
longer upon a simple external resemblance, but upon a resemblance 
in tlu^ cytological details. Moreover, as he has found some (T these 
forms in the intestine of blood-sucking insects, he has suggested that 
they were perhaps stages in an evolutionary cycle in the life-history 
of the Trypanosoma, 

[During the past few years flagellates of the genera IIcrpefomojLas 
and Crithidia have been described by various observers in several 
other invertebrates.] 

[fn ](S9S Koss-’ found ‘ airur.l nil ;r. and flagelliila* ’ in mosquitoes (Cnlcx 
and once \n Anophcliiia) \\\ India. 9'heir habitat was chielly the 
iiitesiirial canal of the larva, pupa, anti imago, and Koss .states that many 
of them resembled trypanosomes. Since then the same or a similar 
organism has been seen in Anophdina by Chatterjet^, Stephens and 
(diristophers, and by Leger, who has givtm it the name Criihidia 
fasdcitUiia, | 

[The Sergents^ describe a new flagellate, which they call Ihipctomonas 
nlgmcme, from the intestine of many (atlex pipitiis, .and one Sirgtnnyia 
fiisciatii reared from larvae in their laboratory. 'J'wo forms Avere seen — 
elongated motile forms and spherical motionless forms -but lliey both 
differed from Criihidia fasdenJata in liaving the centrosome posterior to the 
nucleus. The Sergents also found in the digestive tube of a lar\a of 
Anoplides macnlipennis i\ flagellate closely resembling IJerpciomonas jar alum 
Leger.] 

' [Minchin, article on the ‘ l^irasitic Protozoa,’ iji Allbiitt and Kollcston’s 
‘System of Medicine*,’ v. 2, part 2, \<)oy. 1 am indebted to I'rofessor Minchin for 

allcnving me to sec the proof-sheets of this article before |)iiblic;«tion.] 

^ Leger, 6*. A*, /laid, Siic/ices, March, 1902; C. A\ Sor. A/iV., April, 1902; 
^lr(/f./, Profisfenkunde^ v. 2, 1903. 

[K. Ross,//w/if. Hyg,, v. 6, igo6, pp. 101-108.] 

^ [Kd. and Kt. Sergent, C, A*. Soc. v. 60, 1906, pp. 291 -293. J 
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[Similar parasites have been found in a blow-fly by Prowazek in the 
^ut of a sheep-louse (McIoIhci,ifus ovimis) by l^feifteT in the body-cavity of 
the silkworm {Homhyx moi'i) by Levaditi in fleas which had fed on 
jirrboas harbouring tlu^ Ilicmo^rcfianna balfonyi, by Balfour in the f^nt of 
S/ontoxys, in Uganda, by Ciray and in the intestine of Tabojius ^laitcoph 
by Le^e.r/’ who has nameil this parasite HcipeUnuonas subulala,~\ 

[Novy, MrNeal, and I'ornw” examined over Soo mosquitoes, after 
allowinj;^ tl)em to fe(?d on rats, j^aiinea-pij^s, and pij^eons, whicli were 
certainly free from ha inalo/oa, and found that .15 per cent, had an intfis- 
tinal llaf^ellate infection. In some cases masses of rosettes, with centrally 
disposed llagella, were met with. Difl'enmt forms of flagellates were 
found, the most common being Crilhidia fascicnlatiu and a species probal)ly 
identical with Jlcrpciomomis suhidata. From their researches on the 
cultivation of the trypanosomes of birds, Novy and McNeal maintain 
that the flagtillatcs (‘ trypanosomes ’) seen in the stomach and digestive 
tract of mos([nitoes, tsetse-dies, lice, leeches, etc., are ‘cultural ’ forms in 
vTo, corresponding to those obtained in vitro. \ 


[Most, if not all, of tho parasit<is above mentioned occur in two 
forms: (i) a flagellated monadine form (the body being long and 
acicular in most of the llcrpciomomn, pyriform in the Cn'ihidia, and 
rarely intermediate i)et\veeii these two forms as in HeipdnmoniiH (or 
(. rithidui) luiuutci of / nbcutiis tcr^^csfiniis ; ( 2 ) a gregariniform resting 
stage, with a nidinienlary ur no ilagelliim and two chromatic cor- 
puscules, the parasite resembling the Leishman br^dy of kala-azar 
and, to some extent, the piroplasms.] 

[As has already been mentioned, rosettes of parasites occur in some 
cases, and, moreover, in //. subulata, II. biwibycis,:\m\ in the parasite 
of the sheep-louse (Meloplia^its ovinits), a rudimentary undulating 
membrane has been described.] 

|\Vt; come lastly to tho interesting fact that flagellates (trypano- 
somes) have b(?en found in tlie gut of tselse-llies. This is imi)ortant 
in view of the statements of Ciray and Tulloch and of Koch that 
ingested mammalian trypanosomes {T. i^auifncniic, T. brucci) undergo 
developmental (.^sexual) changes in tsetse-flies. Novy and M inchin, 
Cjray, and 1 ulloch, from an cixtcnded study of tho trypanosomcis of 
Glossina palpalis (tlieir results are given in detail in Chapter XVIII.), 
have corno to the conclusion that the trypanosomes found in freshly- 
cauglit tsetse-flics have nothing to do with T. f^amhiense. Novy^ 
thinks that the}’ are * cultural’ forms of harmless non-parasitic 
flagellates, eonesi)onding to the etjually harmless llerpclomonas and 
( rithidui observed b}’ him in mosquitoes.] 


V if. 1/. k.iisvrl. v. 20, part 3; trans. in Journ, Trap. 

- I I’f' iljcr, '<citschr. J. 7 /^. und Infckiiomkranh.. v. 50, rgo;, p. 324.I 
I bevadiu, C. A*. Acad. .Sciences^ 141, 1905, p. 631. | 

I IkiUour, ‘ Second Kepurt of the Wellcome Research Laboratories at Kliar- 
Inum, 1906, pp. 103- 1 1 0.1 ^ 

[<iiay. .^lecpjni.^ Sickness Comm. 0/ Ihc Roy. Soc., Rep. No. 8, 1907. Art. 21, 
also A’l y. Roc., Scries R, v. 78, 1906, p. 2,4.] 

1905' p'lgof' J'l^stract in nuU. Inst. Past., v. 3, 

and 1 orrey, /r;//;'//. Hy^.., v. 6, 1906, p. no.] 
joion. Infi'cl. Dis., v. 3. 1906, pp. 394-411.] 
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Schaudinn' has also suggested that Trypanosoma is closely 
related to both Hcrpciomoiias and Trypan nplasma. 

To sum up, all authors are agreed in recognising the connec- 
tion between Trypanosoma and the genera without undulating 
membrane, such as Herpetomonas of Kent and CrithiLlia of Legcr, 
which are luiarly all parasitic in the intestine of insects. 

Indeed, everything tends to show that this is tlie correct view. 
It is only necessary to compare the figures which Leger gives of 
Herpetomonas and Crithidia (tw^o of them are reprf)duced in iMg. 4, 



r Ci'ithiditi iuimtiA Ironi the of Tahauu^ (aher Ht'ipvto- 

moiiiis jiiculiiiii from the Riit of Nef'ii iiucird (.’ifler 1 j. Ilctfi'tnmnmis 

mnactfi-dnmistiiir lluriu-U leafier I’ro\\;i7.ek). Iminriture sperm;ito/.o()n of Rmut 
(after IJromaiil. 5. Immature spermatozojMi of the snail, Helix po unit ui (after 
von KorfO. o. Adult spermatozoon of liombmatvr (after Jlromari). 7. l‘'la^^ellatcd 
s})f)re of \’cctilu(a (afttu- Ishikawa). n, NucUms ; r, r,, c, contri.)somes : b, siip[)orting 
rod ; ///, undulatiu;^ mcml.irano. 


/ and 2) watli those of the developmental or cultural forms of 
T. Icwisi, to be struck by their great similarity. 

The difference in the adult forms consists only in the presence 
of an undulating membrane in Trypanosoma and its absence in the 
genera studied by Leger.*' This is to be regarded primarily as a 
character of adaptability’, and correlated with the parasitic mode of 
existence of ts^^mnosomes. It has appeared, doubtless for anah^gou’^ 
reasons, in a group of organisms very different from the trypano- 

^ Schaudinn, Arh. a. d. kniserl. Gesund.^ v. 20. 1904, jj. 

“ [VVe have seen, however, that a riidiniontaiy undulating membrane has since 
been described in certain species of Herpelonionas, 'I'his makes the resemblance 
of these organisms to Trypanosoma still greater.] 
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sornes — that containinj^ Tnchoinoncis, We cannot agree with Kent, 
Danilewsky, and Dollcin, who see in it a sufficient reason for 
placing Tyypano^owii in a separate family, and we adoi>t the view of 
Senn, who regards Trypunosoma as a special genus of the family 
Oicomonadiiuv or Cci'coinoncuUnce. 

Amongst all the members of that family, trypanosomes included, 
movement takes place with the flagellum foremost. It is, therefore, 
natural to suj)pose that in all of them, including trypanosomes, the 
flagellated end is morphologically the anterior end. Recently, how- 
ever, it has been suggested by some that the morphologically anterior 
end of 'Trypanosoma is the non-llagellated one.' That opinion is 
based on : (i) a consideration of Trichomonas,'' in which the un- 
dulating membrane appears as a flagellum directed backwards, 
its free end l)eing posterior (see Fig. 2, y f) ; (2) the fact that in 
llcrpctomonas, as figured by Leger, the centrosome is close to the 
interior extremity, and that it should be the same in I'rypauosoma. 
Facts do not lend themselves to such an interpretation. 'I'he develop- 
ment of T. Ic'icisi shows us, amongst other things, forms identical 
with the llcrpetomonns of Leger, where the centrosf)me, at first 
situated in front of the nucleus, travels graduall}' towards the 
posterior end of the body, taking along with it th(.‘ flagellum, which 
elongates and at the same time becomes separated laterally from 
the l:)<Kly of the parasite, so that it comes at last to bii joined to it by 
merely a thin ridge — the undulating membrane. Tluae is thus no 
evidence of a turning backwards of the flagellum ; and, as it is evident 
that the anterior extremity of the HerpelomouasAorm is likewise the 
anterior extremity of the adult form, it must ho agreed that it is 
always the flagellated end. 

[ Leger, laihe, and others regard tiypaiiosoines as diphyletic in origin, 
'.rhose with a ijiorpholo};ically anterior flagellum recognisable by tlieir 

becoming attached or lixeil liy the ilagellated end would bo derivcid from 

a [lerpelomoihis or Crifliidia, by tlie migration l)a(:k wards of the ct-nlrosome 
and the gradual development (if the undulating meinl)rane : whereas 
those trypanosomes witii a morpliolo*^icaUy posterior flagellum - such 
parasites becoming fixed l)y their non-flagellaled end would be derived 
from a 7 rypa noplasma by the loss of its anterior flagellum. Mesnil ‘ does 
not agree with this view, but regards all trypanosomes as liaving the 
flagellum ujorphologically anterior, and therefore considers the genus 
Trypanosow-.f uionuphylelic. In support of his view, he states that no 
importance can be attached to the pole of fixation, since in the same 
sptH ies one may iind rosettes of trypanosomes with the flagella directed 
cLMitnpetally, and others with the flagella at the periphery. (See later 
under 1. i£..:isi:)\ 

It icmains now to review the genus Trypanoplasma. Senn places 
it in Bodonacu' ; Schaudinn, on the other hand, regards it as closely 

^ Sanibon, /. ///;■//. Trofi, Med., v. 6, July i, 1903, p. 205, note; J. Guiart, 
ihtd., V. 7, J;nuiary i, n.704, p. 4. |S{.»e also I.iihe, Minchin, and Woodcock, in the 
cirticlcs pn:v;i*usly (jurjlcd.] 

' One. can add., in the. light of beg: r’s recent work, ‘ and of the Trypanoplasma' 

‘ I eger. C\ /r. Soc. Idol., v. 58, 190J, pp. 613-617.] 

|?.i« snli, Uuil. Inst. Past., v, 3, 1(^05, p. K^o. J 
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allied to Trypanosoma. He even regards Trypanoplasma as the most 
primitive form of all the haimoHagellates. The trypanosomes are 
derived from it by the atrophy of one of the flagella, and by the 
diminution in of one of the originally equal chromatin masses.^ 
'rhe genus Trypanophis (see p. 26, footnote 3) would represent one of 
the stages in the evolution : one of th(^ flagella is reduced in size, and 
the two chromatin masses are no longer ecpinl. 

The Trypanosoma noctiuc of the owl would represent another 
stage: the two chromatin masses are uneciual, the one being derived 
from the other by heteropolar mitosis; but thii smaller mass has 
still a true nuclear structure, and is not reductid almost to a dot, 
as it is in Trypanosoma. In other respects T. wkIulc is a true Try- 
panosoma. 

As for the genus Hcrpctojmmas, Schaudinn, basing his oj^inion on 
the recent researches of Prowazek,- who describes two flagella vc'iy 
close together at the anterior extremity (Fig. 4, .?), regards it as 
being probably derived from the primitive form rrypnnoplasma, by 
the approximation of the flagellar apparatus leading to the lusion of 
the o{)j)osite poles. 

Thtj recent researches of Leger* ** lead to the conclusion that 
Trypanoplasma should be regarded as a DihId (see the figures of Bodo 
laccrtu’ recently published by Prowazek^), of which the flagellum, 
directed backwards, is cl(.)sely applied to the body, just as Tricho- 
monas may be kjoked upon as a Trichonuistix with the flagellum 
directed backwards and ai)]')lied to the body. 

As to the aflinities of 'Trypanoplasma and Trypanosoma , they appear 
to us, in the present state of our knowledge, difficult to define 
accurately. The argument of Legcr, who looks upon the trypanosoihes 
as trypanoplasms which have lost their anterior flagellum, and con- 
quently as organisms with the flagellum morphologically posterior, 
cannot, in our opinion, prevail against that based, on the one hand, 
upon the development of 7 \ Ic^icisi (vide supra), and, on tlui other 
hand, upon the comparative morphology of different species of the 
genus (t’.g., Iransvaalicnsc and rotaiorium), which leads to the conclu- 
sion that the flagellated end is the anterior. 

It is thus possible that the relations of Trypanoplasma and 
Trypanosoma are not so close as Schaudinn and Leger suppose them 
to be, and that the points of similarity are partly of the nature 
of adaptability to environment. 

In conclusion, the trypanosomes appear to us to be the repre- 
sentatives of one of the simplest and most primitive groups of the 
flagellates. 

We can^^iot leave this subject without making reference to the 

* We have already made this suggestion as to the origin of the centrosome in 
trypanosomes. \Vc shall refer to it again later. 

Prowazek, Arfi. a. d. kaiscrl. Gesund., v. 20, 1904, p. 440. 

“ 1 -eger, C. R. Aaid. Sciemrs, v. 138, IMarch and April, 1904. 

^ Prowazek, Arf?. a. d. kaiserl. Gesund.^ v. 21, 1904 (Plate II., Figs. 43-46). 
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receiU work of Schaudinn* (I()c\cil.), ui which he regards the trypano- 
somes (and also the spirocluetes which, accordiiifj[ to him, have 
fundamentallv the same structure as trypanosomes) - as forming part 
of the developmental cytde of intracorpiiscular hjematozoa. (Hctnio- 
evto/oa). That view is based upon observations made upon two 
particular species of intiacorpiiscular parasites of the little owl 
(Ailwiic nocliui)^ which both complctt^ their evolutionary cycle in the 
body of the common nK»s(]uito, Cnlcx pipicm. 

In one sptK:ies {Trypiinosonui iiocliia')^ the ookinete, or j)rodiict of 
fertili/alion of a female by a male element, is translormed into a 
true trypanosome in the stomach of the mosquito, big. 5, copied 
from Schaiidinn, shows the different stages of this transformation, 
which is accomplished in the following manner ; The nucleus 



I'u.. ',.TkA.\SFOK.M.\TK>\ I?l' an OOKINKTK DK AN tNTKAC'OKI'LSCUI.AR J\\KASirK INTO 
A 'I’liVI'ANcSOMl-: (AHI U SC1IAUI>INN). 

divides, by heleropolar mitosis, into A and a (b'ig. 5, /) the central 
hlanu'nt of the division spindle persisting. The part a divides in its 
turn into n and cY (b'ig. 5, -?), the new central iilament again per- 
sisting. A is the principal nucleus, ii' the accessory nucleus or 
l)lcpharoplast. Finally, iT divides by mitosis, and gives rise to the 
whole of the llagellar apparatus (Mg. 5,^,’, /, 5). The edge of the 
undulating membrane and the free flagellum are the central filament 
ol the spindle greatly elongated (which explains how it is the flagellum 
has a chromatin-staining reaction). The peripheral filaments of the 
divisic'ii spindle cdso persist. 

^ I A uanslation of this piiper by Schaiidinn appeared in the numbers 

of the //V/r;;. 7 >v>/a June i to November r, 1(104. A very fill analysis of 
it i.s )4ivcn by W oodcock in his article in the (Jrttfr/. Journ. Micr. Sr., v. 50. At 
I he expR'Ss vvish of tin* authors, 1 liave simply translated what they wrote in 
the ori;4!n|il ol tlieir l)«)ok. without making any a! ie rations. 1 have, however, made 
some additions to the authors’ original short r(?sume. — Kn.] 

“ [Hut Schnudinn alterwards abandoned this view that all spirochetes would be 
K»'md to h:)ve huidjmeritally the same structure as trypanosomes.] 
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In the other species ' there is formed on the surface of the 
ookinete a larj^^e number of small trypanosomes (like t;hos(! repre- 
sented in Fig. 6, /, very highly magnified). These trypanosomes 
elongati?, divide longitudinally (Fig. 6, j), often forming pairs joined 
by their posterior extremities (l^ig. 6,^7), and in tlie same straight 
line. Thus are produced, says Schaudinn, p'arasites indistinguisliable 
from true spiroclneles, having the pourr when tliey are in pairs of 
moving ecjnally \V(;11 in citlier direction, and capable of further sub- 
division (b'ig. 6, ./ and^). They arc of all sizes (Fig. 6, j,j, and 6 to iV), 
and some are so small that thej^ are recognisable under the micro- 
scope only' when agglomerated into rosettes, and one can easily' 
imagine, says Schaudinn, that they could pass through a Chamber- 
land filter. 

[In the above brief resume of Schaudinn’s paper several inleresting 
facts have been omitted by Laveran and Mesnil. (A) Tvypammma uociiur,- - 



Fl(r, fi. -TkANSHION of TrYPANOSOMKS into SpIROCM.TTKS (AFTliK SclJArniNN). 


(i) When an infected mosquito feeds on an owl, it injects into the blood 
of the bird ‘ male,’ yo\ing ‘ fianale,’ or ‘ indifierent ' forms of the trypano- 
some. The male forms rapidly die ; the indilTei out forms mulliply; and 
the young females mature, the last two passing through alternate intra- 
corpuscular and extracorpiiscular phases. For six days and nights the 
intracorpuscular (Halkndunn) stage in the owl alternates with the extra- 
corpuscular or tryjianosome stage, the former occurring in the peripheral 
i)lood by day, the latter in the internal organs by night. The ‘ indifihrent ’ 
forms of the parasite are fully developed at the end of this six days’ 
alternation, but the ‘female’ forms mature fuore slowly. (2) Female 
gametocytes may multiply by parthenogenesis, and give rise to ‘ indifferent ' 
trypanosomes, or to ‘ male’ or ‘ female’ forms. 'I'o undergo their normal 
development, however, the male and female gametocytes must be 
swallowed by a mos(|uito with a meal of l)lood. Both forms of game- 
tocyte contain melanin pigment, which is got rid of during the subse- 
quent deveUtpment of the zygote. (3) Fight slender microgametes (of 
complex structure) are formed from the microgamctocyte. (4) The female 
gametocyte, soon after arriving in the mosfjuito’s stomach, undergoes 

' ['riiis parasite of the white corpuscles of the owl has been called Sfiirochccta^ 
or Try/hiiwsomti ziemanni (Schaudinn), Ihemdtmvha ziemantu (Laxcran), and 
Leucocytozoon ziemanni (Liihe).] 
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nuclear reduction, and becomes a ripe macrof^amete. It remains spherical, 
but develops no llagelhir apparatus, and is fertilized l)y a microgamete, 
with fusion of the two nuclei. When fertilization is complete, the resulting 
ookinete may devt?lop in one of tliree ways : it may l)ecome an ‘ indilTerent ’ 
or a ‘ female ’ trypanosome, or it may give rise to eight small ‘ male ’ 
forms. These male soon die off in the stomach of the 

mosquito, as they also do in the blood of the owl. The ‘ indifferent ’ and 
‘ female ’ forms gradually pass along the gut of the mosquito, and 
eventually l)n:-ak tlirough the gut wall, getting into the body-cavity. 
Most of the trypanosomes eventually reach the proboscis, ready to infect 
a bird the ne\'t time the nu)S(piito sucks blood ; but some of the parasites 
may be carried to the mosquito’s ovaries, and so give rise to hereditary 
transmission of the infection.] 

f(l>) Spiyoi'luTta niemaiiui.-Aw addition to the spirochadiform and 

trypauiform stages described above, Piroplasma-\\\<(i resting stages which 

n^semble the Leisliman body of kala-azar — are figured by Schaudinn ; 
a'so very large sexual forms, which after conjugation produce a zygote, 
and ultimately, by sporulation, an enoriiious number of spirochades. 
Tfiese spiroclnetes flood the gut and Malpighian tuljes of the mosquito, 
and multiply by fusion, as shown in Fig. 6.J 

These facts are not in agreement with the (udinarily ac.cepted 
views, and require coiifirination. 

According to Schaudinn, trypanosomes or spii‘ocha.*tes represent 
the asexu.'d multiplication forms (produced by binary longitudinal 
division) of the intrac(.)r[)usrular ha:Mnato/:f)a in question, both in 
the mosquito and in ihv. bird. 

W'e shall coniine tiurselvos to this resume t)f Schaiidiim's work, 
referring the reader to tlu; original memoir for a more complete 
account of the facts and of the conclusions drawm from tluan by the 
author. 

[Since Schaudinn published his paper giving the remarkable life- 
histoiy of these two parasites of Athene nocUia, some of liis results 
and conclusions? have receiv<*d confirmation in cerlain (juarters — 
notably from the w'ork of the Sergents--l)iit have btien sttvendy 
criticizc;d by Novy and McNcal, Koss, and *Ahers.^ There are two 
possible sources of error in the experiments of Schaudinn : (I) Some 
of the mos(]uit()cs may have been — and probably were — infected w ith 
intestinal flagellates {llcrpctov.wnns or Criihidia), which, as we have 
already seen, fro(|uently cccur in species of Ciilcx. After the in- 
gestion of the blood of an owl these* flagellates, if present in the 
inosouito’s gut, would multiply. This might lead to the erroneous 
conclusion that the parasites found in the mosquito after feeding 
w^erc derived from (Others present in the blood of the bird. ( 2 ) 'fhe 
observations of Novy and McNcal, Thiroiix, l^illet,- and others show 

^ I I'hc- fuliowiiv^ .'lie smuc of the papers bearing on Scliaiiclinn\s work on the 
* Allernalion of ( lenerations and Change of Host': billet, C /v‘. />/£>/., v. 57, 

1904, p. i/Si ; briimpt, //vV/., v. 57, p. 165, and v. 61, 1906, p. 16/; Ed. and Et. 
Sergenlj v. 57, p. 164, and v. 5??, p. 57 all abstracted by Mesnil in hist, 
/V/.n/., V. 2, 1904, pp. 724, 725; Novy and McNeal, ‘On the Trypanosomes of 
bii ds ' Inject. v. 2, 1905, pp. 256-308; also ‘ rrypanosomes of VI os- 

t|uiiof:s,’ Joitrn. v. 6, 1906, p. no; Ross, ibid., p. 96; 'I'niroux, Ann. Jnst, 

, K.iOS, pp. 65-83.] 

I billet, C. . A\ j^iord. Sciences, October 10, 1904.] 
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that birds, frogs, etc., frequently suffer from a double or even a 
multiple infection, as with one or more species of trypanosomes 
together with one or more species of Hjemocytozoa. The trypano- 
somes, moreover, may be very scanty in the blood, so that only one 
or two are found on examining several slides, or they may only be 
detected by cultivating the blood anilicially i)i vi!n>, or in the gut of 
some blood-sucking insect (mosquito, leech). Two conclusions are 
possible from these observations: (i) That the flagellates are stages 
in the life-cycle of the intracorpuscular parasites, as believed by 
Schaudinn and his followers ; or (2) that tlui Hagcllates and the 
intracorpuscular parasites are quite distinct, and that the animals 
harbouring them are suffering from a mixed infection, as believed by 
Novy and McNeal, Ross, Thiroux, and their adherents. When such 
blood containing both parasites is artihcially cultivated or taken up 
by an insect and only flagellates are found subsequently, the 
absence of IJiiltcridiuni, Dvcpanidiiim^ etc., would be ilue to the fact 
that these die off, owing to unfavourable conditi(jns.J 

[Novy and McNeal conclude from th(‘.ir observations that 
Schaudinn has wrongly interpreted his facts in recognising a genetic 
relation between trypanosomes and Cytozoa. They interpret his 
results (juite differently, and say that Mie has cultivated trypanosomes 
in vivOfiXud has obtained forms which agree fully with those obtained 
by us (Novy and McNeal) in artificial culture in vi(ro.'\ 

[Mesnil^ makes the follow'ing remarks in this connection : ‘ In our 
opinion, this is going too far. It is highly probable — and this is, we 
know-, Schaudinn’s opinion that there are avian trypanosomes which 
aluuiys occur in the trypanosome form; similarly, there are ('yto/oa 
witlwul trypanosoinc-like stages. But we cannot conclude fro.m 
Novy and McNeal’s interesting observations that Schaudinn's con- 
clusions are incorrect, obtained as they are by the ::oolo^^icLil method 
and based entirely upon observations made on mosquitoes. There 
was no doubt about the transformation of an ookinete into a trypano- 
some, the melanin pigment helping to trace the stages in the 
evolution ; it cannot be said, therefore, that in this case it is the 
trypanosomes from the bird's blood which have grown.’] 

[Tiik SiMKocH.KTKS. — These organisms are possibly closely 
related to the family of trypanosomes, and may in some cases — as 
appears to follow from Schaudinn's observations upon Spirolhadti 
{ Trypammma or Hcunuinuvha) ziemnnni — even be a stage in the life- 
cycle of a trypanosome. At first Schaudinn suggested that on care- 
ful examination, all spirochaetes would be found to be similarly allied 
to true trypanosomes. In a later paper‘d he recognises, however, 
that the ‘ spirochaitiforrn ’ stage of this parasite of the owd is far 

' [Mesnil, Bn/ 1 , Ins/, Pas/., v. 3, 1905, pp. 363-367.] 

^ [Schaudinn, Deutsche med. Wochenschr, October 19, 1905, p. 1665 ; abstract 
by Mesnil in Bull. Inst, Past,^ v. 3, p. 879.] 
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removed from the true spirochretes (such as Sp, plicatilis Ehrenberg, 
which is the type-species), and that it has only very distant phylo- 
genetic relations with them.] 

[Numerous ‘ spiral ' organisms are now known, but there is still 
much difference of opinion as to their true nature, especially in the 
case (jf the mammalian parasites. This is due to the fact that some 
of them closely resemble the genus Spirillum of Bacteria, and further, 
being very slender organisms, it is exceedingly difficult to make out 
the details of structure — such as the presence of Jlagella or of an 
undulating membrane— which are relied upon to distinguish between 
the genera Spirillum and SpirocluvUi, Thus, to take one example, the 
organism of relapsing fever, for a long time known as the Spirillum or 



s 


I'Ki. 7.- 'i'KKi’DNKMA PALMUl’M A\M VAUlOl.'S Si’I KOClJ.lr TJiS. 

1. Titponnihi I'iUliihini, oriVuvATy or ' indifUnent ’ form. i», and 7. Slaves in division 
ot tlio Si'i njchiihi {or\x\ ot Tvcf'fntemd f'liUidum. ,;j. Sf'itOth.,tn rtfii/i^nis. 4. Spiro- 
chiitd (.)< ulcerated cancers (note the blunt eiuls and the iindiilatinjL; inoinbrane), 
5. S. plicjtilis, llie end of a lonf]j parasite. S. (.'onjn^^ation of llie niah' and female 
elements (/'np'r//i>somit i'orm). 'I'lie small clear spaces in these se.xuai forms are 
reJ;^'lrtled ;is rt.'proscntinj' the nucleus. (1-5, after Schaiidinn ; G-S, after Kr/ysz- 
talowicz and Siodlecki). 

Spirochaia ohermeieri, had come to be regarded as a true spiroelnete ; 
recently, however, Borrel and Zettnow' have described flagella in 
Sl>. ohermeieri and in the Sp, ^allinariim of fow'ls, in which case these 
organisms should he regarded as Bacteria and not as Proto;:oa.' 
Novy and Knapp,- in a recent comprehensive paper upon Sp. 
ohermeieri a.nd allied iorms, express this (^pinion and recognise as a 
distinct s[>eci(‘s, to wliich they give the name Spirillum cluiloni, the 
parasitt' of African tick fever. Breinl and Kinghorn,-'* while retaining 
the generic name Spiroclicvia, agree with Novy and Knapp that these 
are distinct spec ies, but Koch regards the two organisms as identical.] 

’ [Oiher details of structure, such as the absence of undulating membrane and 
of ebromatin, point to tlie san.e conclusion.] 

■ [Novy and Knapp, /Jis.i v. 3, 1906, part iii.] 

[Ibcinl and Kinghorn, Idverpool Sell. Trop. Med., Memoir 21, 1906, pp. 1-52, 

’ th bill bihliogia])hy.] 
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[Fig. 7, 5 shows the end of a Spirocliata plicuiilis, the t\ pe-spccies 
of the genus. The characteristic features (according to Schaudiiin) 
of a true spirochaete are exhibited by this organism blunt ends, no 
flagella, presence of undulating membrane. The chromatic sub- 
stance extends along the wlude length of the body.) 

[The most interesting and important of this group of organisms is 
the one first described by Schaudinn and Jloffmann* in syjdiilis, and 
called by them Spirochccla pallida. A later study of this organism 
led Schaudinn to conclude that S. pallida differs from all the other 
spiroclijetes studied by him, viz., S. plicaiilis, S. ir/rinf^ens (I'ig. 7, j), 
which often accompanies S. pallida in scrapings of superficial 
syphilitic lesions, the spirocha;te of V'incent's angina, the spiroch:ete 
of ulcerated cancers (Fig. 7, /), etc., in that it sliows no trace of an 
undulating membrane, its transverse section is circular, and it has a 
long flagellum at each end. In one case (see b'ig. 7, j) two llagella 
were seen at one end, suggesting longitudinal division. | 

[All the other spirocluetes (Fig. 7, j to 5) have a well-developed 
undulating membrane, the body is flattened, and flagella are entirely 
absent. Schaudinn therefore thinks that S. pallida should be 
removed from the genus Spiroclueia^ and has created the new genus 
'Trepouema,' so that the organism is now known as the Trepouema 
pallidnm. It may be mentioned that Castcllani has discovered a 
similar parasite in yaws, to which he has given the name Spiroclmia 
perlcmiis^] 

I Trcponctiui pallidum (I'ig. 7, /, 6 and 7) is a very didicate, actively 

mobile organism, almost transparent in the living condition. It has 
a long, slender, corkscrew-like body with pointed eiuls, and according 
to Schaudinn, there is a long slender llngellum at each end. The 
length of the organism varies from 4 /x to 14 /a ; its curves vary from 
ten to twenty or more in number. The curves arc narrow, sharp, 
and corkscrew-like, and are always more numerous than in S. rc- 
fyinircns, in which the curves are less abrupt and are broad and 
undulating.] 

[To show the Treponema in scrapings of syphilitic lesions, the 
films should be fixed in absolute alcohol for ten minutes, or, better, in 
osmic acid vapour for a few seconds (Schamlinn), and then stained 
by the Ciiemsa or I^orrel-bliic method (sec Chapter II.).J 

[Krzysztalowicz and Siedlccki'* describe trypanosomedike forms (\yhich 
they regard as sexunl phases) in addition to the ordinary spirochretiform 
parasites, which they say are asexual. The latter divide by longitudinal 
fission (Fig. 7, 2 and d), and frequently the two daughter individuals may 
remain attached by one end. Other appearances these authors interpret 
as phases of conjugation (Fig. 7, S). Convinced of the trypanosomal 
nature of tliis parasite, they propose the name Trypanosoma has for it. In 

^ Schaudinn and \ \ /hu/st/ie med. IVoL/tcnsr/tr^ May 4, J905, p. 711.] 

“ Spironcma was suggested by V'uillemin and adopted by Schaudinn, but was 
found to be preoccupied.] 

* [Krzysztalowicz and Sicdlecki, Ihtll. Acad. Sc. Cracovie^ November, 1905, 
PP- 713-728 ; abstract by Mesnil, in Bull. Inst, Past.y v. 4, 1906, j). 204.J 
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the case of such a delicate organism as the Trcponevia pallidtim, one has to 
be careful not to mistake adventitious objects, such as slireds of tissue or 
fibrin, or fragments of chromatic substance from the nuclei of leucocytes, 
for phases of the parasite. As Minchin remarks, these observations 
urgently need conlirmation.] 

[It is an interesting fact that dourine, a trj panosome disease of 
horses and mares (see Chapter X.), is also conveyed by coitus, and 
that the nervous symptoms seen during life, as well as the micro- 
scopic lesions found post-mortem in the nervous system, very closely 
resemble those seen in syphilis (Mott).| 

[Tiir. Lkisiiman-Donovan Bodv. — This organism, tin* parasite of 
kala-n;5ar, tropical splenomegaly, and cachexial fever, was first 
discovered by Leishrnan in 1900, in smears of the splenic pulp of a 
patiiait who had died of Dum-dum fever. Leishman’s first account 
was published in and since then the parasite has been found 

in similar cases in many other parts of India,-' in Arabia and lilgypt,'^ 
in ('hin.i,* and in the Sudan *' and other parts of Africa. Similar 
organisms have been found in the tropical skin Icsioti known as 
tropical nicer, Delhi boil, bouton d’Alcp, etc.^] 

[ rhe parasite is usually intracellular and occurs in greatest 
numbers in the spleen, then in the liver, hoiic-rnarrow, and the 
lymphatic glands. It is much more rarely found in the other organs. 
Statham,^ who studied its distribution in the organs very carefully, 
could not find tlie parasitci in the blood, urine, faeces, or small 
cutaneous ulcers during life. He says the parasite is never free 
or inside the red corpuscles, biat other observers (Lavcraii and 
Mesnil, Donovan) descrilae eiidoglobular as well as free forms — the 
latter being possibly liberated by rupture or disintegration of the 
cells containing them. Stacham found them in the endothelial cells 
of the capillai;ies, and also in the reticular cells, myelocytes, and 
mononuclear and polymorphonuclear leucocytes of the organs pre- 
viously mentioned. In the spleen the parasites often occur in very 
large cells, ‘macrophages’ (see Fig. <S, /), which may contain as 
many as 150 or more of these bodies ] 

[The Leishinan-Donovan body is rounded, oval, or pyriform, and 
measures 2 ^ to 3*5 /a in length by 1*5 //.to 2 fx in breadth. The 
cytoplasm is described as being finely granular and is sometimes 
vacuolated. There are two chromatic corpusculcs, the larger of 
which is more or less spherical and stains faintly, while the smaller 
^ [ Lcishniiin, /hit. Med. Journ.y May 30, 1903, p. 1252.] 

- [Donovan, J.aficet, September 10, 1904, and January 21, 1905, giving the 
earlier bildio^jraplneal references on the subject ; Christophers, Sc. Mem, of the 
iiovt, of Judin., Nos, 8, 1 1, and 15, 1904, 1905 ; James, ibid.^ Nos. 13 and 19, 1905 ; 
Rogers, Brit. Med. Journ.^ May 28, 1905, p. 1249; Discussion at the B.M.A. 
Meeting, BriL Med. Joiirn.., September 17, 1904, pp. 642-658 and 6J17, 688.] 

■" y\\\\\\\)Sy Jotfrn. Trap, Med., August i, 1904, p. 236.] 

* Kcir, Jolt ffi. I r op. Med., v. 8, 1905, p. 220.) 

■ Neave, Ihit. Med, Joi 4 rn,, May 28, 1904, p. 1252.] 

[Wiiglu, yow/v/. Med. Research. Boston, v. lo, 1903, p. 472; Mcsnil, Nicolle, 
and kemlmge?, C. R. Sac. Biol,, v. 57, 1904, p. 167.] 

' [SiitiJuim, A*. A, M. C,Journ., v. 5, August and September, 1905.] 
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is usually rod-shaped and stains very deeply. Multiplication takes 
place commonly by simple binary fission, but multiple division may 
also occur.] 

I The interesting point about this organism, and the reason for 
describing it in association with the trypanosomes and other 
flagellates, is that in cultures of the Leishman-Donovan body typical 





I'i'.. S. — The Development he the J,eishman I^opiks in c'l'ltukes (\ftei< 

I-KISHMAN A.NH STAfHAM.. 

I. T.art<e splenic cell containing parasites. 2 , 3. Slage.s of developincin in cultures, 
3 showing a stage of division. .|. Group of young ])arasitfs, some flagellated. 
5, S. Fully developed flagellated parasites. 6 Division forms. 7. A fnlly-develt)pt:d 
parasite, showing the disposition and shape of the chromatic granules. Small 
flagellated ‘ spirillar ’ forms. 

flagellates arc produced. Rogers* first discovered this fact, and his 
observations have been confirmed by Chatterjee,*- Christophers, and 

^ [Rogers, Jourti. Micr. Sr., v. 48, 1904, p. 367 ; l.ancct. 1904, ii., 

p. 215; ibid,^ June 3, 1903, pp. 1484-14S7 : Pror. Roy. Sou., Series li, v. 77, 190^), 
pp. 284-293 ; /y;7V. Med. Jour n.. and Lanrrt, February 23 and March 2 and y, 1907.] 
" [Chatterjee, Lancet, December 3, 1904, and January 7, 1905.] 
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Loishman and Statliam.^ Rogers has found tlial the best conditions 
for culture} are cilrated human splenic blood made slightly acid with 
citric acid, and kept at 22*" C. According to Rogers, the fact that 
an acid reaction is found to favour the extracorporeal dc-vclopnient 
(d these organisms supj)orts the hypothesis that the second host of 
the jiarasite is an insect, such as a mosiiuito or a bug, with acid 
stomach contents.-’ | 

I The stages in the develojnnent '.)f tha H cypctoDiojias- or (.niiudui- 
likc forms from the small ovoid splenic bodies are well shown in 
Fig. S, which is taken from Leishinan and Statham s pap(:r. Ihe 
parasites enlarge (2), then multiply by fission (v). and soon become 
pyriform (/). At this stage many of the parasites become flagellated 
(/), and multiplication now occurs b}' simple longitudinal hssion (b).] 

[The flagellum appears to develop rapidly, but in a curious 



O.—SlAfiKS I\ TIIK l.M- Vhl.c^l>Mi;NT (*K TMK I’l A^.l Ll.T M IN' C Uf.l L'KKS f)K THU 
I.KISIIMAN (KKOM l.UISHMAN A.VD StATHAM). 

I, Ordiiinry ftirin id spleon y)‘‘in»site. •.». Sli.^htly t*.nlar''CH-l j^arasife Ironi a yminj; 
oiiliuro. 3. I'ui-lhcr stage uf grmvtlt. v.'iCUuUition nj. the pi(Jt<.)pla‘»ni. .p Oevolop- 
me:;nt of the ' flagellar vaceol<\’ close. 10 the microiun lens. 3. Inerense in size f>f 
this vacuole, o. Kuplure of the vacuole, and proiiiision of the voung flagellum iu 
the form of a tuft C'r tiuiu li of pink staining llireads. 7. (.IniwTh of llie flagellum, 
tlie thickened hasc being in^erloil in file collapsed flagellar vacuole, s. I'lilly- 
developed form with long Injc flagellum. (Scale of ,« as in l-'ig. S.) 

manner (sec I'ig. 9). A pink-slaining area, or ‘ flagellar vacuole,’ 
appears at tlie side of the smaller chromatic body (rnicronnelcns). 
This gradually enlargf.'S to about the si;'c of the nucleus; then, by 
the rupture of the rim of the body, a small flagellum is extruded, 
together witli a tuft of pink-staining substance from the vacuole. 
The flagellum is at first short and straight, but afterwards enlarges 
and becomes curved, and apparently is not directly continuous with 
the smaller niiclens. There is no trace of an undiilating membrane | 
[Some of the mature flagellated forms had a curious mode of 
uneiiual kmgitndinal division. Lcishman describes a cleavage of 
thin, sickle-‘-haped, ‘ spirillar * forms from the ivdvcnt Hcrpetuinonas- 
Wko individuals. Occasionally two siicli spirillar forms may split oft’ 
simultarKiuusly. At first these small forms have nc* flagellum, but 

' i I-cibliman and Statham, I\,,l .M.C, Jot/ni., v. 4. n)05, p. 321 , 1 
■ 1 Captain Paitun, I.M.S., has recently found that the parasite.^ ate numerous in 
the .'.'iri LiJaling blood in i.hc* later siage.s of the disease ; also that the parasite is 
able to complete its development into the typical flagellate culture form in the 
stomach ' -f bed bygs fed on Uala-azar palient.s.] 
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snbsequenlly a ilagellnin is dovelopcd and the parasite beromos very 
active (see Fig. 8, f)). No conjugation was observed, and experi- 
nieiits on animals (by inoculation and feeding with enltnics) gave 
n ega live resu 1 1 s . ] 

[The systematic position of this j>arasite is still far from being 
settled. Laveran and MesniP and Donovan, who describe endo- 
globidar forms of the parasite, regard it as a Pin^pldsnui, and Laveran 
has called it J\ doiKyraui. Rogers at lirst agreed with Leishman’s 
original view that the parasite was a degenerated tr\^panosornc, but 
recently he has proposed to place it in the genus IIcrpclonioiiasA 
I'roni tlio n.‘semblance of the Lcishman body to tht^ small oval forms 
of (Aiihidia fiiscicidiiia, with nucleus and ceiitrosome, described by 
Lt\gcr, Kirt-' suggests that possibh’ Leisbman's body is the gregarini- 
form stage a ITcrpctofuojms. R<.)ss has sugge-stt^d the name Lcisii- 
inaniii dounViini, n^garding the parasite as a distinct genus, i'urther 
investigations will show which is the correct view; for the present we 
may adopt Ross’s name Tcishmunia donovani for thi; ])arasile of kala- 
a/ar, and may include in the same genus the similar organism of 
tropical ulcer, Delhi boil, etc., uiuh.T the name L, tropica (Wright). j 

Section 5. -Sig’nificance of the Basal Corpuscule of Trypano- 
somes (Posterior Chromatic Body). Its Centrosomic Nature. 

\Vc. have liitlierto always called this little body the cculrosoific, 
W’e now giv(! our reasons for attributing to it such a significance. 

In i(S(j() Rfd>ino\vitsch and Keinpner'^ regarded it as a Jiuclrolns, 
Plimrner and Bradford'^ as a niicnmiiclcits. The former name is 
leased solely upon the cliromatic reactions of this little body (\vliich 
are those of a kary<^some ratlier than of a nucleolus), and as used b)’ 
ilic: autliors it gave no idea of the true signilicancc of this body. 
Whyshoidd we, when dealing with trypanosomes, introduce the new 
idea of an oxtranuclear nucleolus, or karyosome, or, in other words, 
change the ordinary denotation of those terms ? 

'.rile name niicronHclcita^ hitherto reserved for the reproductive 
nucleus of ciliated Infusoria, can only be allowed for the small 
chromatic liody of trypanosomes so long as it has the same physio- 
logical function. Up to the present time we arc unaware that this 
little body jdays the physiological part which is so definite in tlie 
case of a similar structure in the Infusoria. Moreover, the nucleus 
of trypanosomes cannot be regarded as a macnmiudeus. 

7 'hese names were suggested at a time when the close connection 
between the chromatic corpuscule and the tlagelluin had not been 

‘ [J.averan ajjd Mesnil, C. /\\ Arad, Sr/r/ires, v. 137, 1903, p. 957; //dd., v. 13.S, 
1904, p. 187.] 

“ [I^ogcrs, J^ror. /\oy. Sdr.^ Series U, v. 77, i9of>, pp. 2184-293.] 

•’ 1 1 Jill, N.A.M.C, Jouni.,^ v. 6.] 

* l<al)ino\vits(:h and Keinpner, Zritsclir, f. //j'C-j 3^^ iti 99 - 

JMimmer and IJiadford, Proc. l\oy, Sor.^ v. 65, 1899, p. 27.J. ; Ccnfndh. j, 
Paktcr.„ 1 , V. 26, 1899, p, 440. 
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dcinonstraled. Siiico thuiu however, none of the authorities wlio 
have adopted the term inuriniudcm has adduced any convincing 
argument in favour of that term. 

'I'lie researches of W'asielewski and Sonn (1900),^ confirmed and 
extended by our own ( i «)(>(.)- lyor),- have established the following 
facts, which we ha\e given in an earlier paragraph, and which we 
suminariA.’ here- : 

Till' llagellum is always associated with the chromatic corpnscule 
in (juestion. In dividing forms, the longitudinal division of the old 
llagellum is always piecedeti i)y that of the corpiisculc, and ahvays 
begiFis in this corpiisc ule. In those parasites which undergo unetiual 
binary di\ ision. such as T. Iricisi, the newly-formed llagellum, or at 
least the gi'eatcr part of it, clearly grows from this little chromatic 
body. The intimate relations of the llagellutn with this chromatic 
l.)*.)dy are thus evident, and they persist thnnighout the life of the 
parasite. lii.'nce tlie name (.rdissduiir:.tl, or root of llagellum, 
given U) this corpuscule by W'asielewski and Senn, which is a Jion- 
committal name, and but the expression of observed facts. In view 
of the moaning attiibuted to the w’ord hlcplian^j^lad b}- Webber,-* w'ho 
introduced it a meaning w liich has Ixen nnanimously adojUed by 
writers --the (icis'^clu'ur::cl is a bleijl\an)plast. 

[Woodcock {lor, rit,^ p. 215} adopts the term hlnctonurlcus for this 
corpuscule ot trypanosome^, ‘ in view of its essential nuclear cliaiacier 
and the fact that it serves as the directive centre for the loizomotor 
activities of the cell.' j 

[Schaudinn,* fiorii liis later observations upon fertilization in I*rol.)/oa, 
concludes that • in all llu; Protozoa in which the evolutionary cycle, and 
especially feiiilization, are accuiately known, a duality of the somatic and 
reproductive nuclear substaju es, comparable with that realized in Infusoria, 
is recognisable at a given stage of development.’] 

[•Mesiiil summaiizes this paper of Schaudinn in the following tennsi : 
‘ Schaudinn applies the conclusion nientionotl above to the stiucluro of 
trypanosomes, especially 7 . nreiuu'. According to this observer, the 
llagellar apparalu.'^ of a trypanosome (except the micronncleus or blephart;- 

plast at its base) is comparable physiologically with the macronucleus 

that is, tile vrx'rijiivc nucleus— of Infusoria. The two chromatic masst's 
(ihe true niicli’us and the blepharoplast or centrosomci) are hoih com- 
parable, lip to a rerlain point, with the microiiuclcus of Infusoria, for both 
of them are formed of rey^roductive substances. During its evolution 
the large nLicleu> eliminates its vegetative substances in tlie form of 
chromidia, whereas the small nu<deus does .so I)y giving rise to the 
aiconiotor ai'paratus, which may be regarded as a highly specialized 
chroimdiuni.” I'.oih, therefore, havt^ a yxu t comparable with tlie inacro- 
nuclciis of iiiitsstjria, and Schaudinn thus arrives at the idea oi i\. double 
nucie.fu dimorp’nism in trypanosomes.* 

‘ it is ueli known iliat Schaudinn dilferentiates the ookinetes of Halier- 

Wa^icle-.'. .-l:: arid Syiin, /.ritsihr. f. v. 33, * 

La\( ran anil M»-snil, C. A', .nc. . HioL. Noveml)t;r 17, 1000, Mai<'h 20, i‘;oi, etc. 
Webber. (/if;.- , | .nur, 

* [ ''.cViaiuaiiii. / rritnntil. tL einftsch, ..no!, ijt'St'l/st /i , UyOj, y^yj. 16-35.] 
i A'.'/.' 4., i.>r.Ci. y>y). 103, I04.] 

'• I , V. 3, 1905, p)> 3 * 1 :^, 319 . 1 
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iiiium noctiKT — wliich in tlic: mosquito fTivurise lo trypanosomes — iuio feinalo, 
iTulii'leient, and male. The female trypanosomtjs are very large, and have 
a large nucleus ; the locomotor apj)aralus with its Mepharoplast is leeldy 
dc^ eloped. In the males, which are small, the rex erse ohlains. Schaudinn 
thinks, therefore — and re])resents it by a series of ingenious diagrams — 
that the large nucleus contains tdiiefly ftmiale snhstance.s, the small nucleus 
mainly male substances. This sexual ditierentiati.)!! of the iiui lear 
apparatus siarls at the very beginning of the dcrvelopinenl. of the ooldnetes. 
In all of them there is a division of the single ‘ synkaryon ’ (fei tili/Jition 
nucleus) into a larger and smaller part. I'lie fornier ab-.)Tts in tiu^ male 
foriiis, the latter in the female forms, while both persist in tlie indifferent 
Ibrjjis, which are int(Tmcdiat(' in all icsf)ects between the male and 
fetnale,’] 

Wo thus arrive at a question of gmicral cytology : Are the 
cor|niscules which are found at the ro'jt of the cilia or llagella 
ceiitrosomic in nature? 

Amongst the opinions of autliorities in t'ytology, we have elsc- 
wliere. * already alluded to that of Henneguy, that the centrosomes 
onglit to In: regarded, not cmly as kinetic centres tor tin* internal 
movements of the cell, but also as kinetic centre's for e\ti.:riial move.- 
jne.nts;^ and to that of (iuignard, that the blephan^plasts ol Webber 
are of the same nature as centrosomes.'' We may add, ir\ this 
connection, that recent (jbservations, such as those of Meve.s and 
voii KorlT.Siiniinish the weiglit of the objections raised l)y Webber 
and Strasburger against this idea, in so far as the plant sj)ormato;joids 
are concei'ned. 

On the other hand, it should be understood ibal we have no 
right togeiierali/e and to say that these basal corpuscules are always 
ccaitro.somic in character. For example, this ap|)ears not to be the 
case with the corpiiscules at the base of tlic cilia o{ the ciliated 
Inhisoria, or of certain epithelial ciliated cells of T^Ieta/oa (in the 
latter instance a centrosorne independent of the basal corpiisculc 
has l:)een demonstrated). However this ma\- be, tlie centrosomic 
nature of this little body in the ease of the- male sexual elements is 
certain, and the only cpiestion that arises is to determine wdiether 
the blepharoplasts of tlui Ila^cllatii are of the .-ame nature as those 
of the animal spermato/oa or of the jdant spermalo/oids. 

'riiore are striking analogies between the centrosomes of the 
mesial part of spermatozoa and the small chromatic bodies of 
trypanosomes. We have shown that the t'.c'nlrosomes of the male 
elements of the earthworm, during the transformation (^f the 
spermatids into spermatozoa, stain a deep \ iolet by the eosin-lh)rRd- 
blue-tannin method, exactly like tlicsc corpiiscules of trypanosomes. 

The structure of the various flagellates whicli have a corinisciilc 
at the ba.se of the flagellum or flagella is cpiite comparable with that 

^ Laveran and Mesnik S/fc. IHoL^ November 17, lyun; Ai\lu h Proiisioi- 
V. 1, 1902. 

“ Henneguy, Arch, Anai. micros., v. i, 1897- 1898, p. 495. 

G II i guard, An?i. Soc, A\it. liofan.^ v. 6, p. 177. 

^ Meves and von Korff, Arch. }\ mikr. Anal., v. 57, 1901. 
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<jf spcrnKitu/o;i, and especially of their immature forms. Tliis is 
cjiiite obvitius on coinparin.^^ Ki^^ 4, i to represent in as we have 
already seen, lluj^tdlates allietl to the trypanosomes, with Fig. 4, 
./ and jf representing two immature spermatozoa.’ One also finds 
spermato/oa with an undulating membrane whicli closely resemble 
tiA’panosonics, e.s|i<'cially as regards the relation of the edge of the 
membrane to the basal ror|)iisciile. as is the ease, for example, with 
the spermatozoa of Ilombinatov (Fig. 4. 6 ). C'ontrary to what is 
usually seen in spermato/oa, the centrosome-s are situated side by 
side quite close to the head ol the spermato/oon, and they serve as a 
point of origin, the oiu* lor the edge of the niidiilaling membrane 7//, 
the other lor the siqiporting lilament/>of that memlnane (a structure 
which is not represented in trypanosomes, but is in Trichnuiojuis), 

Moreover, it is known that tlie axial filament of the tail of 
spcrmato/«'a, or, in otlu'r words, their llagelliim, is developed in con- 
nection with (me of the centrosornes. In certain cases (cartilaginous 
fishes. HeiiXs Fig. the anterior centrosorne gives rise to an axial 
median hlanu nl, llie posterior to the axial filament of llu‘ tail. 
Lastly, in those spermato/oa which havtj an nndiilating meinluane 
it appears, from llie desciij)tion and tignres given by Jboman of the 
development of tlie s|)e.rrnato/oa of Pouibinatov^ that the edge of the; 
undulating membrane m and the supporting rod b both haa-e their 
(.origin in the. eentrr.»>omes c- U’ ig;* 4 * 

Thtise similarities between the ceiitnjsoines of .S[H.imato/oa and 
tlic chromatic Ixxlies of trvj>anosomes are alone sufficient, in our 
opinion, to r^tablish a homology.' Hut tliero is to lie found among 
the ilagellaled Froto/oa themselves an argument still more con- 
vincing. 

The nucK.ar divisions preparatory to the stJoiing of Xodilnca are 
all ol the. initollc type, and attraction spheres at the two pf»les of the 
division siuiidle ha\e lieen demonstrated. When the nueleus has 
hnished di\ iding, and the small S|.>ores are dilferentiated. Ishikawa’ 
has seen the, llagelhiin of tin; young Ntxiiliicif grow- from tliu attrac- 
tion sphere, and jncbably even at the expense of the latter. This 
llagelliun n mains in relation with the cenlrosomic c(;r|)nscule (see 
Fig. .p ;•). 

The honu.)logy Isetweeii this little body in Xoctiluca and that of 

• I lie iiixtajx.siiitjn of ilu; tentrosnme lo the nucleus is iiol e.ssciitia] : it is a 
secqiidary |>h< iiO!iu n<in. In .my ra-iC, it aPo (u.cms ainoiij^sl icitain llagellates 
Nkr \ainplei v. I',i«h have a r.nrpiisculc :it the od;.;e of the nui lciis and 
iiviotl’icv at ih.' peripla-t y of the pvotoj»lasin, as in the speimato/.oon ai' 

I'o:^ a. 1nl!«'r count of this snl.»ii’ct and for the bibllograjiliy see K. li. Wilson, 
‘ The tcii ill Dow.ioprnein and lnhciitanc(',’ second edition, lyoo : Koisi.hell and 
J-leider, • Lehibra h <1, y vL'edci^'h, h'nlwickelunfisi^eschiclite <ler ^\l^bollose 'riiicre,’ 
j^(‘neral |.'ar|. : ‘’renant, I’, liouin, and Maillard, ^'rrailf- d' Misiolowie,’ v. i ; and 
especially tr. Mc’. cs. ‘ Sti iiktiir and lli.sloi'eiiese der .Spriinien,' in Liiyxbn. J\ 
d/ftit. //. y-. 1.7. // /. (y< .'ar Kjioi, 1902. 

! he .aioc roinp.iri-.'m is well brought out by iJauf^eard .Ac Ilofaiusit\ 
7ti) sciics, oth la.-c., Apol to, 19011. He denies a ( entiosomic signilicance to the 
!;ies nf ajjd f/u rt'Jorr aiso to those of spermatozoa. 

'^nik.iwa, /(V////. (.V?//. .Vr A, Tokyo, v. 12. 1899. 
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trvpanosomcs appears evident. The part the former plays in milotic 
divisions of the jiuclcus shows its centrosomic nature.' It seems tt) 
us that we have no ri;^lit, a priori, to conclude that the corpusciili: of 
irypanosonics is <lifferent in nature. 

The objection which Senn (loc, cit., i()02) raises to our c<Mitro- 
soniic view is based on his observatiim that the (i ri>iM:li.:iti':.cl 
stains like tlic periplast, and is distinct frofii the rest of the pro- 
toplasm, which would not be the cas(‘ with a centrosoine. We 
must imjuire, therefore, into this ‘periplast' of Senn. Accorclin^^ 
to him,- it is a sp(icial layer of protoplasm (recognizable by its 
different .staininj^^ reaction) which surroiimls the l>ody of trypano- 
somes and functions as an organ of nunaanenl.-'* We have iu;ve.r 
seen such a layer, although our preparatio?is have been as carefully 
stained as those of Senn. W'e <|nite agree that the undulating 
membranti stains a little differently,’ but tlu‘ Jest of the ptaiphery 
of tr\ panosrjrnes has shnwn us n.o further differentiation, luu’ther 
in T. U'h'isi (the only .s|)ecies Senn studied 1, nf)r in the larger 
trypa.nosomes, such as tlu^se of Raiiii rsevz/tV/Zu. In the.' latter we 
have also shown that tin*- centrosome is sometimes situated deep 
down in the body in a layer which Senn ('ould certainly tiot regard 
as periplastic, 'riiis is constantly the case in 'I\ tnms’i'diilieusc (see 
b'g' -I 5 )* c:ven in the case of T. /rve/.sz, Senn himself rium- 

tiuns facts which are ojjposed to his tlu'ory,’ He has noted and 
drawn the migration of his (fc/.s.sv/iv/zrvi 7 mt(.) tin* interior of tli<..* 
l>ivdoplasm each time division of the body oceans. lie has seen it 
c.(/me to lie close to the nucleus, and lu‘ even asks the question 
whether sometiim.‘S it docs not bet'ome intramielcar. d'o sum np, 
then, we may say rliat the existence of the Sfz-called periplast of 
Senn seems to us quil^* unproven, and the blepharoplast of trypand- 
somes t:an, lik(.^ a eeiitrosome, migrate into tlu* interim' ot the body 
of the parasite. Senn’s objection to onr view appears, theielore, to 
be groundless. 

On tlie other hand, our view has received support from other 
quarters. Legur, wlio has described blejihaioplasls in the* flagellated 
microgarnetes of certain gregarincs,'* and la.ter in llagellates allied 
to trypanosomes, but without undulating nu inbranc,' regards tliese 

' 'I hcro is no doubl anoiit tills, Init tiiinilar cvitleiM.e Is wauling in the «.as(; of 
i 1 h‘ trv|);inosoinL‘s. In ilicni ilie nia’li'i ilisicK? .iniiioiienlly, so dial wo cannol 
aciu.iMy (l<;iii(.»nsti.'ac a coiiu osoinie* /////t Z/c// fif tlio elm»inatit: i:()r|>ii>.( iili:*. [ \\ e Inivc 
seen, however, that in 7 '. noctuu', and iierhaps in otlier try panosoi lies, lietcropolar 
division of the nucleus has been desorilietl. [ 

- Wasielcwski and .Senn, Zt i/sr/ir./. I/n;'.. v. .33, p. 459. 

■' [I’rowazek and olheis also ilescTiibo an ectopl.isnnc lavi r. in I. /; av.y, 
y*. oruCi'i^ and l\ //fciit'i i\ in which delicate niyoruanes or muscle libi ilia* are said 
to ocean*, j 

’ The colon** is i^ener.ally lilac, like that of ibe nucleus. On tin* other hanrl, 
in species of 'I'ryfinfiO'iojua the colour of the O'tv.vyc/ri'jvy ic/ is detip violet 

clitfereiu from that of the nucleus and nndulaliiii' membrane. 

‘ W asielcwski aiul Senn, loc. »//., p. 461. 

** I.egcr, C, J<, Acaii. SAt j/res, v. 132. January 10, 1901, and Arr/i. /. /^rofiAai- 
kumic, v. 3. 

‘ kegei , Soc, dii /A't)/., March 22 and April 12, 1902. 
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blepliarojilasts as ctaita^somcs. Scliaudinn/ in his excellent work 
upon the coccidia. of moles, draws attention to tlie fact, when discuss- 
ing our \ iew, tliat already in he had dcscriljcd a. special body at 
the base of the cilia of the gametes of Tlyulo/jns {Groniia) dujanliniy 
and had suggested its possible centrosoniic nature. It is also 
admitted by R. Ilertwig.-' At present, therefore, we cannot hut 
adhere to our original conclusions. 

The study (»f has brought out an interesting fact- — 

namely, the existence in lliat genus c»f two bodies of the same si;jc 
and struclure, both, apparently, of nuclear nature. One of these 
Ix'dies is in ndation with the flagella. In tliat rt^gion the undulating 
inernhrane is wanting, and the body in tpicstion is obviously deep 
down in the cytoplasm \\ hicli forms the whole mass of the 'Prypaiio- 
p/iisuit:. 'riiere can be no question here, still less even than in the 
case of 7'n'/>a;nj.se/;?r/, of a body essentially periplasti*'. It seems to 
us rational to regard this liody as being of the same nature as its 
analogue in Irypanosonurs. 

'fhis view leads to various other interesting points. The question 
oi the homologies of the cenirosome and of its phylt>geiu;tic origin 
has been rnucli discussed during the past ten \trars. In liSqo, at the 
eongn.'ss of tlie ‘ Deutsche zoologisclie Oesellscliaft,* ' a \erv in- 
tercfsting discussion was raised by a coinmuniration id' Schaudinn's 
upon the central body {Ccnti'ulkoni) of the H(^lio;c(>a. Scliaudinn, 
and afterward Lanterborn, in studying tlie pliylogeiiy of the ceiitro- 
some, have expressed tlu: opinion that it is the final stage of a series 
ol similar bodies which were develoiied originally from a tnii* micleus. 
d'hev find the starting-point for tliese progrcssi\(‘. morphological 
cliangt.*s‘ in the AmaJfci hiiiitdcata, which has two identical luicloi. 
The next stage is excinpliiied by the Paviiinu ba cilhanli, where the 
two masses already show differentiation, the one playing' tlie jiart of 
the micleiis, the other of the internal kinetic centre. iVccordiiig to 
I .aiiteihorn, we come next to the centrosonie of Diatovnacerc, and 
[jerhaps of Xi^diluai^ and finally to that of the Meta/oa. ’ It seems 
to ns that Trypiiv.ofihisJiui also presents a stage, possibK- anterior to 
that reaclual by the Piinimaba cilhardiy in wliich tlu^ two l) 0 (lies arc 
similar morphologically, but one of which has already developed the, 
funciion of a blepliaroplast. Nuclear bodies during their twolution 
along centrosomic lines have thus been able to ac(|uire independent 

* Sdijuidinn, AfO. <7. d. kaiser! . Gesund.^ v. 18, 1902, sco p. 395. 

' R- Ht‘ri\\i.i4, Arr/i. f, /^ro/isftnkunde, v, i, 1902, see p. 2 5. 

•’ Si;c- Vt'} handltniy;i }i \ Tyansacfifajs)^ p. 1 1 3 tV \tY/. 

‘ R. Sand [Jitd/. So,\ Mi;t' J/ieras,, v. 24, 1899, p. 64 t 7 .vtv/.-, who ^ivos an 
<;r\4'e!ly:U (.inline of all ilie discussions, makes the a])|jropriato R-mark that it is a 
9iiesi!on of inorpholo^iral, and not phykjgciictic, cliangcs. 

, Adxmhni; to Kauterborn, a second morphological st?iic“s starts from the 
Aviu f'a Ornifi'/r.iiif, one of the nuclei giving lise to the J/tacriaiiti irits of the Ciliata, 
the uilu r to the mifrotiucleifs, Schaudinn also regards tin; mieroainit us of the 
Ciliata as Vjemg pessiljly in ^erit•s with iJie ccnirosoinc. 'I'lii: blepliaroplast of 
iryi janosoincs i ouM ihrrefore be both a cenlrosonK^ and a inicronuclcus, But 
\vsde siipitt.) there is no reason to ijive it this second si^jiidicance. 
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functions as internal and external kinetic centres for the cell. Tliese 
two functions coexist in the centrosoinc of Noclilncii; the (.entro- 
some of TrypajK^suma is only the centre for external movements. ‘ 

In conclusion, it is seen that our view harmonizes perfectl)' with 
the m()st satisfactory theories which have been broui^ht forward 
concerning the origin of the centrosome, and that, to a certain 
extent, it arnplities them. 

* 'I'hcse rern;irks, Ijormwcd •r'tV/V////A' fiom nur in llie Aiv/i. f. 

Pfohstcnkundc {y)Oz\. I'nid roniirmation in llie ie< cm ohst r\ aiions oi' Scliaiulinn 
on ilic ori;^iri and ^^tniclnre (jf ihc blcpliaroplasl ul' 7*. 7uu:tiiii\ It is derived from 
the nLK'leas by ljeiert»polar mit<isis ; it has still all the propeities uf a ri/inplele 
iii.ieleiis, and, like tlie small chrcnnalir iMuly of oiIiit ii ypanosona s, i^ives rise to 
liu: llagellar apjKiralus. It is, ;ulds Schaudinn, a proof t>f the MMimlriess of our 
view, expressed above, as to the niieleai nature of the l)lej.)liampla*'L of 

'The bl(;pharoplast of noi tiur is thus a distinet mi)ry)Iin|o-di al statue 
l)ei\veen that of rtyinniophtsinii ami that of '! yyfhiiir,i.nnia ysni^u sfjh/o). 
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‘ TRYPAxNOSOMA IJCWISI '—PARASITE PIlCUI JAR 

TO RATS 

Section 1. — Historical Review and GeogTaphical Distribution. 

Tin-: lirst mention of a trypruiosomo in mammals was, as w(i have 
already stated, as far back as 1S45, wIkmi Oros,* in Russia, discovered 
in the blcKKl ot lield-miee aaid moles nuniiaanis motih* vcrniicules, 
‘so small that they were hardly visible with a ma,i^nilication of 
400 diameters.' Was this trypanosonu^ of field-mice the same as 
T.h\^'isi? This seems doubtful, for we shall see later that, a('- 
cordin;:^ to our (.'xperiments, the fiold^nonsc {\fus sylvaticus) is 
insusceptil)le to iiilraperitoncal injections of true 7 '. Icn'isi. 

It would therefore be (..’haussat ’• who first saw this species, in 
1S50. at Aubusson, in the blood of Mus raitus. The j.iarasit(*s were* 
not often fnind in youni; rats, but nearly always in full ip'own rats, 
(diaiissat took them to b(^ j'oniij^ nematodes. Much later, in TS77, 
Lewis** rediscovered them in (.'alcutta, and afterwairds at Simla., in 
Mus dccumanus and Mini rufescens, Lewis rec*ogni/ed clearly that he 
was dealing with a Hagellated Protozoon. In 1.S81 S. Ki.ait called it 
J fcr/^cffHiioiiiis Ic'u'isid All authors now' agree in calling it I'rypinuts^jnii! 
Icic'isi (see C'hapter ITT,, section 3). 

This discovery of l-ewis was soon followed liy that of JCvans of 
the trypanosome of surra in the P'quideX and the Camehiire of 
India. 

The almost simultaneous discovery in the same country of two 
tiypanosmnes, diriicull to distinguish from one another in the living 
condition.^ and l)y the methods of staining then in vogue, was the 
starting-point of a series <)f confusions which we tind first in Lewis's** 
work published in 1N-S4, then in the successive papers by Liiigard,'' 
and it is iii.it alwav s easy to make out in the mass of papers published 
by that indefatigable worker what refers to the one species and what 

' (in>s, AV///. .S\v. AVi/,, ^To^^^:o^v, 1845, p. 424. 

“ CT.nnss.il, 'J /trsr Ju!t\ JAv/,, I’aris, 1850, No. 192. 

' r. l.L wis. ‘ Komteenth Annual Keporl of San. Coni, with (lovl. of India,’ 
1878. Apptudis. ; asnl Ou/ir/. /nurn. Mhr, Sci.^ v. 19, 1S79, p. 109. 

S. Kenv, ' Manual, of liifnscnia.’ v. i, 1880-18S1. 

■ C' Qn-fr/. Mirr. Sa.^ w 24, p. 357. 

^ Ki port on iloihe Surra,’ Jiombay, i., 1893; ii., 1899. 

5 *^ 
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to thu other. The incorrectness of Lin^^ird's view was iirst clearly 
pointed out by Koch and later b\’ Kof.jers. 

('rookshank^ was the first to give a description at a.ll accurat(^ of 
(he Irvpanosoine of rats. Ho saw clearly the undulating incinbrane 
and its relatit)n to the ilag(dlum. Interesting details an? also to l)e 
found in the memoirs of Carter'- (itSSyj, of Daiiilcwsky ' u-^-^b-i.SSo), 
and of Chalachnikov ‘ (iSSiS). 

One may say, however’, that the in<irj)hological and experimental 
study of this trypanosome, as well as the letiological study nf the 
inft'ction which it produces in rats, dates from the? year when 

the important researches of L. Kabinowitsch and \\’. Kempner ‘ 
were- pul)lished. 

Since tlien numerous papers on 7 '. icK'hi liave a[)peared. 
Amongst them are: (i) Tire roseandies of Wasielewski and Senn' 
(1900), almost entir'cK' ilevoted to the morphology ol the parasite ; 

the morphological and experimental studies of Laveran and 
Mesnii' ( i()r)0- ), of Jurgens"' (Ojo^), and of Francis" (rtjoV); 
and (j) the com])arative study of /'. lacisi and 7 '. hntcci by Marlini.'" 
Amongst otli«*r: researches special mention slionld he made ol the 
]).ipei’ i)y McNeal and Xovy upon th(‘ cultivation of the tiypanosomc 
of lats’^ tjune, i<|o.5), [and uf that by l*io\va/ek upon the structure 
and life-history of 7 '. lc^i^.'isi both in rats and in the rat-lonse {Uauui- 
ii'piniis spiiiulf^sus), in the latter of which sexual conjugation was 
observe ?d (KjOj). 1 

\Vild rats, particularly sewe*r i*ats, are ofUur infected with 
ir\ [xinosomes. The occurrence of the parasite has hi’cn noted in 
all parts fjf the world. 

C'rookshaid'L, in London, found trypanosomes in .>5 per cent. (»f 
the rats ewamiru tl. | Petrie, at KIstiee, h.amd about 30 per cent, of 
the wild I'ats inf(xt<al. SinedUy found 5 (ait of 13 rats infected in a 
certain locality near Oaiiibi idge. | In Paris, one fjf us, in 
sluwved that the infection is not infiaapiont among lats. According 
to our observations, sewer rats (Mus ifcciiJUiUiii^) were not olle-ii 

' t'n^okshank, ye/////. /wU'. A//c/\ .SVa., Novt;inlier. i8.S(;*, |). 91 

- Xandyke (.'alter, ‘ .St icnlilic Meiuoiis l>y .\li ilM:al ( it'l'n of the Iiulian 
A r Illy.' 188;-. V. 4, p. 50. 

'* I)anilt;\vsky, An/i. sliivcs dc IdoL^ 1.S87 ; and ‘ Kta. lieu !u:s sie la 

ixiiasirolnyio omipaiTc du sang.’ (.'harkov, i88o-i8S'i. 

* Chala'.hnikov, * Keeh. sur les paiasilo. du •^ang che/ Ics animaux a liang 
hoid ft a sang cliaud,’ Chark»)V, 1888. 

■’ Kabinowitsch an<l Kcinjnicr, Xciisc/:./. //j.:,’.. v. 30, p. :si. 

Wasielewski and Se nn. Zcitsch. J\ v. 33. p. 444. 

' Laveran and Mesnil, C. l\. Sm . /»;<//., October and Noxeinbcr, r‘/v.v/ ; //////. 
///a 7 . /Vrs 7 ., V. 13. 1901, p. 673. 

Jiirgens, f. //'.r.i,-, v. 42, 1902, p. 265. 

*' Krancis, I»ull. No. 11, //re- U.S. I'ltb. Ilodlh and Ma). Uosp. S<:rr.^ 
Washington, February, 1903. 

K. Martini, ‘ Kesischriit to R. Koch,’ 1903, p. 22r>, 

McNeal and Novy, ‘ Comrib. to Med. Kesoaia h,’ tlodicaled to \L C. Wiuglian, 
June, u.^/3, p. 54f^; :ilsoyf////7/. Infect. v. 1, 1904, p|>. i and 517. 

Prowa/ek, ArO. a. d. kauerL (icsnnd.. v. 22, 
l.aA-eran, Ardi. nicd. exper.^ Mavi li i, 1892. 
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infcicted; only j tnil ol; 50 examined by us ( Hjou-igoj^) were found 
infected. Kaillict,' at Alfoit, found ii large projx)! tion of black rats 
and of :U//s’ dccimuinns infected. At Lilli‘. Calmette found that more 
than 50 per cent, of sewer rats had trypanosomes in the blood. At 
IJordenuN, Ihiard ■ examined 15 sewer rats ; all were infected, fin 
tl'KJ same cit\-, Sabra/es and Miiratet'* examined 14 Mus and 

found them all infected, while none of the M, ih'ciimiijuis (49 examined) 
or M, ninsi'iilns (.;;b examined) had tryi)anosoines in the Idood-l 

At Krommeiiie (Molland), Schoo found <)o ]>i‘r cent, of the Mus 
ihrituuDuis infected.* Raluiiowitsch and KempiK.T found nearly 
4J per cent, of the wild rats in llerlin infected. They noted no 
marked differenct* in the various |)arts of the city. In Southern 
Russia, Danilewsky and ('halachnikov’ found a considerable per- 
centage of the Mas ilccinutuius and ntfiSCins infected. In St. Peters- 
burg, Tartakovsky ■' found infeclial rats, but only in certain parts of 
tile city. At Rtn’ellasea, in Italy, (irassi faikal to find infected rats. 
[In hasbon, Alvaros'’ found 4*7 per cent, of the sewer rats infected.] 

In India, W R. Lewis found per cent, of the Mus dcciununus 
and Mus vu/cm'cus in Calcutta to be infected. He also found the 
parasite in rats in Simla. Vandyke tairter found .1 a per cent, of the 
rats in IIoml)ay with trv|)nnosomes in their blood. Lingard found 
J5 P‘-i* t.ent. infected in l»ombay and Poona, 'fhe percentage varies 
according to the season; during the. rainy season (June to October) 
it is [2 ]>er cent., during the dry season (NoN'emlx r to May) it falls 

2S per (aait.^ 

In Java, Penning, during his iiiv<‘stigations upon surra {vide 
infru)^ found rats naturally infected with 1 \ Uwiu. In Manila, 
according to Mnsgravc ;in<i Clegg:'^ trypanosomes o(‘cur in in to (>5 
per cent, of the animals examined. The proportion vari(?s with the 
season and loc'alit}'. 

In Japan, Kitasato found rnari}^ rats infected (mentioned by 
Musgrave and Cdegg), 

In Africa, Koch ‘ found parasites in 10 uiU of 24 rats caught in 
diflerent houses in l)ar-cs- Salaam. This rat infection occurs also 
in the (jambia Colony (Dutton and Todd), in ('ape Town f Ldington), 

‘ isMilliia, ‘ Traitt: do /oologio iiK-d. et a^^riivolc.’ v. i, p. 164. 

" liiiiiid, c'. A'. Soi. yy/c/.. 1902, ]). S77. 

I J. S.'ibin/v- ainl L. Murntot, O’. A*. Sor. HioL^ v. 59, 1905, p. 441.] 

’ I'rivate iaftaiiiation. 

•’ I'artid-cj i\ sin y. Atuh, sc. 'r’c/cr/n., i«>oi (in Kussiani. 

'i ', I). Alvaros, /»w//. .Sr>i\ sc. ///ctf/ctis t/c v. 70), igo6, p. 99 ; aljstract 

/Ay//. ///»/. A, V. 4, 491 . 1 

‘ I l.inLi.iril ]i;is irroiuly (U>.c:ribod a now trypanosome in the blood of rats 
mVi i . ‘ uicr and decuintuiiis) in India. Hie Lluiractori^lic feaiuro of this 
Irypanosonio is long and tortuous posterior extremity of the body, looking like 
a poslcuor (iageiliiin, longirr even llian the true anterior llagelhiin. 'I'liis post- 
cemnvcina: part is about 19 u long, as conipaicd with 6 /t in T. leicisi. In othtT 
r< jijeri*. tijt; anierior j>esiiion of ilie nucleus- this new ti ypanosoine, which 
L:n:,ard v;»lls '/ . (Ut den sc ^ n:'a'inbh:s T. Uveisi ([.ingard, Trnp. Icl. 

!•>■/>. pp. 5 14).] 

I* .'‘Urgin'** aiyl (..lc;gg, /i/i'/. J.ithor.y Manila, 1903, No. 5, p. 170. 

Kifi'h, A’j/.ViVVv A/Vc', etc., licrlin, 1S98, ]j. 70. 
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ill Moinb:is;i, Hiitish l^ast Africa (Stordy), and at Marrar, in Mthiopia 
flU’uinpt). [ I>riicc and Nabarn) found it amon;^st tlu* wild rats in 
lintel)be, Uganda, and Zienianid also in Cainoroon.j It docs not 
occur in Pretoriri (Tlicilcr), cir in Constantine (Rouget). 

At Tananarivo, Madagascar, 9 out of 10 rats (from the lu)usc?s 
as well as from the rici? plantations) bad trypanosomes in their Idood 
(Tliiroux). At St. Denis, in Reunion, a natural infection of rats is 
common (Vassal). 

In America 7 \ Icicisi is also found. In llic United States, 
p'rancis, McNeal,and Novy - have obtained them for their investiga- 
tions. I Kendall‘S found the rats in ranarna infected with 7 ’. : 

Thomas ‘ has fmind /'. Icicisi in rats at l(|uitos, in Peru.] At Rio 
Janeiro, t in ljo of the sewer rats is infected (P'ajardo). At P»iie.n(.>s 
Aires the infection is rare, or, rather, is restricted to certain parts 
of the town. It was discovered there l)y Sivori and l^eclm', who 
found that 30 ja-r cent, of the Mas dccuirninits caught near the lunatic 
asylum were infected. ' 

We. see, therefore, that T. Iczcisi is found in nearly a.ll i)arts of 
the \v(^rld where it has Ijeen looked for at all carefully. 

!.\s a rule, a spontaneous infection with 7 \ is found only in 

‘wild’ rats, l^averan and MesniP’ in I9U..[ came across two tame 
rats s[)ontanc<)Usly infected, and in 1905 Terry * recorded an epidemic 
of ti ypanosoiniasis amongst w'hite rats which had bi.en kept in 
contact with grey rats. This possible infection of whitt* rats must 
be* l)orne in mind in e.xperimental work, as Laveran and Mcsnil 
point out.] 

Section 2. The Course of Experimental Infection. 

iNl iiicnoN oi' Kai'S. — Rabinowilsch and Kempju.*r ha\e showai 
that intraperitoneal inoculation is the most reliable. I >y it they had 
only two failures out of fifty tame rats inoeulati d. Out ol a hundred 
white or spi^ckled rats we had only three failures. Of tliese three 
rats, tw'o were absolutely refractory, one receiving five rind the other 
eleven inoculations without showing trypanosomes iu the piaiidieral 
Idood. The third rat died nine days after inoculation witlu^ut having 
shown a blood infection.'^ Pinally, in a fourth case, one inoculation 

' IZiomann, Ceulntib. f. Ihi/cicr., I, Orig., v. n>o3. p. f-l 

* Fraiu'ib states tliat not i of <:'0 house rats examined in Washington was inieett'd. 
nf 107 u'ild rats e.\ainini.‘d l:)y McNeal and Ntivy al Ann Arhor (Michigan;, 5 -all 
taken froni ilie .^ainc loft were infet:tcd. Tiie infei tion o( ciirred alsu in Peiroii, 
[Philadelphia, Lincoln, and San f'lancisco (MeXeai. //v/cv . /V/.v., 190^. v. 1. 
PP- 5»7-54.3i. lliillgen { 'J'nuis. i I\uh. Soc,, 1905, v. 0, p. y.9) ffHind i yj 

per i cni. of sewer rats in (Chicago infected]. 

[Kendall, yf////'//. Infer. /V.v., v. 3, 190U, pp. 2JS-231.I 

^ 111. \V. 'Fhcijnas, ‘First KejKnt of the Kxpedition to the Aina/on,‘ 1903, Li\er'- 
pool School of 'I’rop. Med. : also /.tinrrf September S. 190b, p. Lo.S.] 

Sivori and J.ecler, An. d. Min. dr Aj^rirn//., v. i, 1902, pp. ( 2 (/). 

'■ [Laveran and Mesr.il, C. R. Soi\ AW., v. 57, 1904, ]>p. 247-249. 

' 1 IL r. 'Leri y, I'l ans. Lnir, Path, Soc,^ v. L. 1905. lip. 2^4 2(17. j 
Tliesc three lats were not pregnani, as were tin* refractor) rats of Kabino- 
'vilsch and Kempner. Jiirgeris has seen the liypanosome disa|)jjear suddenly 
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prodnccd no cITcct, but a sea)nd gave rise to an intense and pro* 
longed infection. 

The inferction of tame rats by the peritoneal method comprises 
three distinct stages. During the Jirsi slui^c, which lasts three to four 
days, the trypanosomes are actively multiplying in the abdominal 
cavity. This increase scarcely starts until twenty-four or thirty-six 
h(.)urs after injection ; it attains its maximum during the third day, 
and soon ceases. The parasites then entirely disappear from the 
]>c:ritoneal cavity, and do not reappear subserjiiently during the 
infliction.* The importance of this lirst stage has been shown by 
Kabinowitsch and Kempner to be very considerable from the point 
of view of the diffusion of the parasite. At this period all the 
multiplication forms described in the chapter on morphology are- 
found in the peritoneal cavity, the small rosette forms predominating. 

The passage of the trypanosomes into the circulatory system is 
more or less rapid in different cases. Rabinowitsch and Kempner, 
W’asiclewski and Serin observed it from the third to the se\ enth day 
as a rule, only exceptionally on the lirst day. In our experiments, 
on the other hand, as in those of Francis, blood infection nsuallv 
occurred in twenty-four hours : in several cases in which the blood 
was examined only' five or six hours after inoculation a ci.msiderable 
number of trypanosomes were found in it.“ Jhit side by siile with 
these ca.ses of va\nd genernli/ation of the parasite, tluTc were others 
in which try'panosoiiies were not found in the blood until the second 
or third day, or even later (u{> to the seventh day), after inoculation. 
This was usually the case with old rats Rapid infection of tlie 
l)lo()d occurs in about lialf the old rats, whereas in young rats 
(weighing to lOO grammes^ it nearly always occuis. 

Undoubtedly the different results obtained by other investigators 
and by ourselves are to be partly e.\}.)laincd b\' the difference in 


from 01H-. of his rats tlu: ilay b(;forc iho animal had >0011)^. "I'liis was the only oiu; 
of bis rats In \v]f,( h tlio Inh riit»n lastril only somo days. All tho p!T;^nani rats 
\vi: havn inoiulaicil liave be«:n siisLeptiblc. Kranois lias iVnind the sanu; thin,;;. 
I'urtlii'!', Lin;^ar(l, in Imiia, giNCs stasistios of 100 rats, showing clearly that 
pregnant females are fomid infe«.:le<l a-> o:ten as other rats. 

^ According to Jiirgens, ii ypanosoincs arc* present in the peritoneal cavity 
during the whole of the infection, '[’hat. ha.s m-i'cr been the case in any of our 
niimeri'ii.s iinents. Moieover, we Jiave sluiwn that infecti.’d rats, which no 

longer iiave any iry])ane*.-<oiiies in tlie peritoneal cavity, do not contrail a new 
infection as the ie.sull of a repeated ijitniperiloneal inoculation. 'I'liir divergent 
lesults of Jingens must ilepend, wc think, upon the special virulence of the try- 
panosome l e «-mployt:d infra). 

\ /:ai>crl. Akati.d. Ii’isvi'ns</nj 7 t'n/u IF/tn. Mathtm.- 

nainr. Kfissi\ U/m) also states that the trypanosomes disappear only slowly 
bom the nt litonfai cavity, and appear in two to four days as miiltil»lication .anil 
young finin'^ in the liloud.; 

“ A':i;ovdii>g to J iirgens, these ditloiences depend upon the kind of trypano 
..ornt: injected. When the trypanosomes are still nnuct going development the 
irKJibalion perioil is only one to two days ; when the trypanosomes .are all adult 
forr.x.': the im ubaijon is tinee to fmir days. W'e doubt Nery much whether this is 
tlie .sole e.vpianntion of the dilfcreni results obtained by investigators. 
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wci^^ht of the rats used in the experiments. The number of trypnno- 
s(»rnes injected has only a slight influence upon the rapidity of the 
blood infection, provided that at least -V o.c. of blood bo injected. 

The earliest trypanosomes to appear in the blood an- thin adult 
forms; these arc probably parasites which were injected, ^’ery 
soon, however (often after forty-eight hours), then^ aj:)p<}ar swollen- 
out forms about to divide. As a rule, it is on the fourth day that 
the tryj)anosonies are numerous in tlic blood, and that many 
reproduction forms are present {second sla^c). Multiplication in the 
blood thus succeeds intraperitoneal reproduction, l)ut then* are 
always relatively fewer reproductive forms in the blood than in the 
peritoneal cavity, and particularly of the small rosette forms. 
A])parcntl\', as Kabinovvitsch and Kernpner suggest, tlie peritoneal 
llnid is a better medium for the growth of the blood-parasites in 
question than the blood itself. This, however, doi.s not prevent us 
from regarding the l)lood as phying an imiHuManl- -- and perhaps even 
tlie MKjst important — part in the multiplication of these parasites. 

I\t*])rodiictivc forms of trypanosomes are usually seen in the 
blood until the end of the eighth da\', sometimes a little latter, 
especially if the parasites were late in appearing. Fr(>m that lime 
until the end of the infection only thin adult try})anosmnes arc 
found in the blood. We ourselves have never seen innltiplication 
forms after that time, but Jiirgcns says they may occasionally occur. 
It should be remarked, however, that he was dealing with a 
pathuf^oiic trj’panosoine {vide iji/ni), which was riev(*r so in our 
own ('ases. This is the third the duration of whicli is very 

variable. 

Sewer rats, which arc found to be naturally infected, arii la.arly 
always in the third stage. {')f all observers, Sivori and Lec.ler alone 
have divscribed the presence of reproductive forms in young sewer 
rats naturally infected. [Among the wild rats examined by l*etri(.* at 
Idstree, two of the young rats naturally infected had, in their blood, 
numerous dividing forms, ineduding rosettes of small parasites.] 

The three stages are thus; (i) intraperitoneal multiplication; 
I j) multiplication in the blf.)od ; (j) the stage of the fully-developed 
infection. 

This account of the infection in rats apjxlies particularly to the 
cases, usually numerous, in which the blocxl famtains many 
trypanosomes for a long period — for example, one parasite to every 
two or three red corpuscles, or sometimes even, though randy, om; 
or two trypanosrunes to every red corpuscle. In such cases tlui 
infection lasts at least twenty day.s, generally two months, occasion- 
ally four months or more. Sometimes it ends abruptly; at other 
times the trypanosomes disappear gradnally (up to one month). 
Occasionally relapses occur during the detdiiie of an infection. 

The infection may a mild one, as is frequently tlie case in old 
rats. The try}>anosonies then take a long time to appear in the blood ; 
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the\- are never \ cr}' riiiinerous, and disappear in from two to cij^lit or 
ton days, Tln.‘sc rats, nevertliehiss, acquire an active imnuinily/ as 
we shall see in a subsequent section. 

SubnitaiUMnis injections, as a rule, also jjivc jxxsitive results, 
provided - so say Ivabinowitsch and Keinpner -suflicient blood b(r 
inoculated. Failures, however, are not uncoinnion. Tlie sta^c of 
intraperitoneal multiplication is absent; the infection of the blood 
is rapid, but less so than after intraperitoneal inocuhiticui. 

Contrary to the results of Kabinowitsch and Kempner, Francis 
obtained positive results; (i) by injcctinj; infective blood into the 
stomach leloven out of twelve rats so treated became infected) ; 
{ 2 ) by inakinj:^ rats .swallow all the bh)od of an infected rat (live 
successes with seven white rats; five successes with wild rats). All 
precautions were taken to avoid, as far as p'ossible, an\' wound of 
the mouth or diijjestive tract which miiLjht serve as a point of entry 
for the virus. We have repeatet.1 the second series of experiments 
of Francis, hut withonl success. 

The experiments which we have made with sewer rats enable us 
to say that the course of the infection in them is identical with that 
which we have just described for white rats. 

iNj'Kc riox w'lTH PKHSiiKVi’.i) l>oooi). — If blood kepi in tlie re- 
frii^crator (see below) .still contains a fair nnml>er r>f active trypano- 
somes, the time which eUq)ses betwecMi its iiKK'ulation and tlie onset 
of the l.)lood infection is not materially altered. Ihit when tlu^ bh^od 
has l)ecn kept f(.)r some time, and on microscopical examinatioii 
only a. few trypaiujsonies (or none at all) are set n, the incubation 
period is lonj^er. 

Flood kept for forty-seven days on ice, as the result of w hicii tlu^ 
parasites were diminished in numbcT, j^java' rise to a pnjloni^ed but 
mild infection in one rat out of two injected. Trypanosonjcs di»i 
not appear in the blood until the sixth to the ninth da} . The same 
blood, kept on ice for fifty -one days and show ing no tiypnnosomes 
under the microscope, infected a rat in a similar fasliion. The 
parasites appeared in the blood at the end of seven days. 

Jiiigens has ul.)tained similar results with blood kept for thirty- 
two and hfty- three days. 

The trypanosomes in cultures were virulent in most of the 
experiments of McNeal and Novy, (of Smedleyj, and in our own. 

Control experiments made by ourselves with traces <^f fresh blood 
proved that the increased length of tlie incubation period did not 
depend solely upon the small number of parasites injected ; it depends 
more upon their condition. 

Infections obtained by the use of preserved blood ^are as intense 

’ '\'hv a< ..oimls jivcMi by (iiftcaciu obscr\cr.s of ilic duration of the infection 
Miore or with our own, JiUj^ens foiiml it to l)e one to two months, 
r:t!ciy more (ini.irc ilia.u seven months in two cases;, and h?.ss in rv/t case! 

Krant i- I'. is SLen iufiMions la.-ilin^ from seven fourteen days 'Fhesc authors 
:\kv. n«i iMv.:mIon (if the wei;.^ht of their animals. 
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as lliose w it.li fresh blood. Indeed, the longest infection \v(? hiive 
obtained was one brought about by the injca'tion (»(* blood kept on 
ic(i for thirty days. The period of ineul)ation was th e days, and the 
duration of the infection five and a half months (diminution at the 
i;nd of three months). 

Lastly, we may add that trypanosomes retain ilnar power of 
infection in agglutinating .serums, specific or normal, as well as they 
do in salt solution. 

SvMi'TOMS IN Inj ja. I'r.n Rats. — On this point authors diti\a\ Let 
ns take iirst the.* rase of tame (white or speckled » l ats. Kabinowitsch 
and J\em[)ner say there is no fever, and that the animals are only 
less lively during tlio iirst twenty-four hours after the injection. We 
have oiirselv(:s .scarcity ever seen any symptoms. In a number of 
Vfuing rats in which the infection was nmisually severe for several 

davs there were three trypanosomes to one red corpuS('K; we notii:ed 

tliat the animals failed to go on gaining in weight, and they even 
lost weight during the linsl week, while olher young rats, passively 
immmii/c‘d, continued to grow. Soon, however, the other rats 
]K‘c:;unc (pute. normal again. Miisgra\e and Cl egg al■^^ ecpially of 
opinion that /’. Icieisi is not pathogenic for the rat, jiulging from 
their ol.^sorvations upon thousands of animals. 

On the <a.her hand. Jiirgens has (diserved a severe illncs.s, attack- 
ing only young rats. The animal is quiet, and no Icniger gains in 
\v»‘ight. f.at(.'r on dy.s|)n(ea, (edema of tlu* hind limbs, and suben- 
taiiet)us hanioirhages are present. l)(..*ath generally snpervtaies in 
the second week after inoculation. Old rats show no s\'m|M(uns, and 
the younger rats do not all snfhir. In all, Jiirgens liad sixteen rats 
sick out of forty-S(?vcn. At the autoi)sy there was congc^stiou of the' 
lungs, with pneumonic patches varying in .si/e from that of a lentil 
to that of M harii’ot-l)ean. The spleen was much enlargi‘d, and tlu; 
l\iriphatic glands larger than normal. The parasites were still 
multiplying even in a rat dying on the twenty-fifth day. 

h’rancis lost several of his rats, presumabl\' from the infection. 
McNeal and Novy noticed that the tiypanosomes obtainc'd Irom one 
Source were not pathogenic, whilst thost.^ obtained from another 
source were clearly so. We must conclude, thend'ore, with these 
autliors that differences observed in (‘X|>erimenls d(q)end on varia- 
tions in virnlencc of the tr3’])anosoines used. 

Lven rats which withstand the. infoe'tion well show enlargement 
of the spleen. The weight. is generally' don’nled., as Lingarefs carclnl 
statistics <m this p(.)int show. 

[C^f the white rats which were found by 'ferry (/ec. cit.) to be 
spontaneously i«f(;cted in the (diicago University Lahorator}-, qo per 
cent, had gangrene of the nose or paws; but Terry was niiable tc 
whether the trypanosomiasis stood in an\* causal relation to 
the gangrenous condition. J 

In the case of wild rats precise details are wanting. It .seems 
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that thcyaro able to .slaml a natural infection well, | but Hiilt^^eii (Int. 
cii.) has recently staled that the infected rats found by him ii; 
Chicago appeared to lx* ill, and Ziemann noticial the same thing \\\ 
naturally infecteil rats in CaincroonJ. In all probability it is thr 
same with an mtiticial infection. We should add, however, that 
Kal)inowitSi*h and Kempner maintain that, contrary to what they 
lound in the cas«' ol white rats, the infection is fairly seveni in wild 
rats, and sometimes causes death. Details are not given. 

(j uiNKA-i'ic.s — Ahnrlii'L lufcctwii.^, — In their memoir on nagana 
Kanthack, Durham, and lllaudford' state that the rat trypanosome 
is met with in small numbers in the blood of guinea-pigs from the 
fifth to the si.venth <lay after inoculation. Jhit in order to be able 
to affirm that there is a true infection, it is nticessary to ol>s<.n've 
reproduction ol the parasite in the l.)odyof the guinea-l)ig. We have 
seen this occur in the pe-ritontral cavity from the s<.'C(Uui to the fifth 
day after inoculation,'- biit it is rar(.*ly seen in tlui blood, a fact which 
no doubt explains wh\ llie infection is ne\'er of l(»ng duration.* 

1 he reader is reUa rod t«') Section j |{>r an account ol the morph(.>- 
logical changes wliieli l\ lc\ci\i iimlergoes in the bodv ol the guinea- 
pig. The parasites appear in tlu‘ blood in tin* first twenty-four hours 
after inoculation, and remain tlic.ie f(.>r five to seven days. d‘hc*y 
incn.'asein number at first, so as to equal one-firtietb to one-t w call ieth 
of the numbi.'r ol tlie la.-d cur])uscle.s, then diminish and linally 
<lisa[)p(;ar. The disap|iearance of the mimerons parasites (mainly 
imiltijdication lornis) from the peiitoiieum generally precedes by 
twtmty-four hours ttu‘ disappearance of the try]>a.nos(nnes from the 
blood. It takes j)la<'e fairly suddc-nly, and it a[q)ear(.rd to us t<> 
coincide with an accession of leucocytes, the peritoiu.'al exudate 
bi’coming more at)un<lant. Under these ( xaiditions we have seen 
trypanosomes being taken up by the jiliagocyles. The try|)ano- 
some li(‘S in the long a.\i> ol a depression formed by pr(.>(::csses ol 
the leiicocN tt;, the part of its body still free being very actively- 
motile. 

In staineil prej^arations we liave most distinctly seen all phases 
of tht; digestion (>1 try|>anosomes by the guinea-pig’s mononuclear 
leucocytes, the only leiictjeytes which stiem .ibk' to take uj) theses 
parasite^?. The tryp;in'.>S(.)iia‘ fust bciromes splu-.rical, and is con- 
tained within a vacuole. Its protoplasm, nucleus, and eentrosome 
are (piite mu nial ; the Magellum alone stains less d(ieply. Later on 
disintegration ol tin* pr«.)toplasm occurs, the nucleus and eentrosome 

* Pmr. AV'i'. Soi.^ \ . (')4, and Rtnitf^i'haUs No. -24. 

- All oiir iiiiei iinii-. wt-K.- made intr.i|>(:nUjne;dly, and in };iiinea-pii<s of 100 to 
400 gramna s in wfiglii. We inoculated at least 1 c.r, nf bloocl < ontaining many 
paiasae-., bven iukIlt rhe-.c.: «i>ndinuns tlu.-n; were maiiN Cailiires. l>uL more than 
Inilt the guinea pigs l>ei .one infecled. 

‘ Kabnuov !i>. ii and Kempner aiul Kraiu.L faileil enliiely in their alleinpls to 
inlect the guineri-pig. I\ i cn/ifr-t, Mu.sgrave and Clegg state that they suei.eedod, 
like ourselves, in [tK^dut ing w-ith 7 . /Vri'Asv .i inihl injection, which was transitory 
arid iin:iCf.e«jnj»auietl ])y .my syniptoiiis. 
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still rcinainiitK r<‘(:o.!L,Mii5iibl(-:. Next the ('.cntr(.>sc)nu‘ (lis;i.pp(:;ns, 

tor Iciieorvtes PDiitainiii^' only the nucleus of a try]ianosoiiu; an:oft(ai 
lo be seen. The appearance of this miclcMis, heuvever, shows that ii 
is inicler^oin" digestion : some chromatic i^mnules are alone visible, 
the nuclear Unid lKi\'ini; disappeared, iindonV)tedly (Jii acca.iiint of the 
destruction of the nuclear meml)ran(‘. The dcrstrnction of trypano- 
sotnes in the j^uinea-pij^ is thus broni^lit about hy a process of 
phai^ocvlosis -the trypamesoines, surrounded while still and 

motile, aie digested by the guinea-pig’s niononncK‘a.r leucocytes. 

|MeNeal' Joes not agna'. with the view that phagocytosis plays the 
cliirl part ill iht- Inial destruction of trypan-os lie ri:pealiui Lavr-raa 

and Slesnil’s e\]ieriinenl of injenuing tryjianosonies into thi^ iieritoneal 
t:i\iivoi' i immunized) guiniia-pigs, hut t'onld (ind uo e\ ideii«;e of pliaj.^)- 
evtosis. parasiu.'s In'came motionless aiul were gi adiially ‘dissoK ed,' 

like tlic process of bacleuioly^as in Pfeifh'r’s nMCllon. Mt'Neal lliinks, 
tljerefore, that try]jan<»sv.)mes disappear as tlie resnli of the at.tioii i*t 
(:\ i.!>lvlie { ‘ trviianolylic ’) agents, and not by phagocytosis.] 

1 jngard says that the lilood of Indian l>andic(.>ots p'/uV ( hajHt;r \ .» 
(a.mtaining trypanosomes is infect ions for the gninea-}.>ig, parasites 
itjjpearing in the blo«)d tui the fourth, fifth, sixth, and eigiith days 
a.fti.r inocnlalion. ( )n the i.dher haiuJ, it is not inh'clious Ibr the 
muK*. ass, or rabbit. This fact is interesting in view of the alnu^st 
identical degree of siiscejit ihility of the gniiu‘a'|)ig to the rat trypano- 
Sf.mu*. 

()i iii*:k Amm.m. Sim-.cii.s. All other species of animals appear to 
l»e <|uiie reiractory !<• inoculations witli 7*. 

It is true that IJiigaid stati?s that Ik! succeeded in inhaiing 
NMric>us S[)ecirs of animals with the rat tryiiano.^^onii;, hut lu; confusiai 
tills try[;an(.»sonie with that of surra, and the horses which he claims 
to have inheted with the rat try[>a.n-.»Sf>nK^ had sinipl)* I.ieconu; 
Uiiiiiynlly infecttal with surra. In onr opini«>n we must only lake into 
af'Ca^nnt those of his (cxperiiiicnls which relate to held -rats (XcsDkiiJ 
/>/'«■•. ’/dr 'I'wijol ihesr rat'^ showed parasites in llu-ir hloo’d se\(.m 
days alter iiiocnlatitan, and the* trypanosomes wen- constantly [)resenl 
until the death of tlie animals, which (X'cuiretl 102 and ibS da^s 
later. In two <;the.r Xcsokia trypanosomes did not appear in tlie 
blood until after twenty-four and thirty-nine days r(*.speclively. 

Koeh, Kaliinowilsch and Kempiier, aiul we (Miisr^lvi's, hav(; trr-ed 
to inoculate tins trypanosome into different animals, hut withoiU 
success. Mice', (grev aiul white), hold-mice {Mus syl'.'nticus and An'i- 
iin:iilis)y labbits, dogs, goats, and horses were, all expei imenteil 
^vith. lAen the; ham>ler, w'hich is often found to he infected with a 
tiypano.soine* cR.)Sel\’ allied to 7 '. is refrae'tory. 

When the l)l(X)d of infected rats is ino('ulatt‘d into any of tin; 
aoove animals, Sfinie trypan(.>S(.)ines can be fonml in the blood ol the 

’ Me Neid, ye /y// 2 v. /.h's., v. i, Ujo.l, pp. 52 
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inoculated uninials for twenty-four or fort)'-ei{4[ht hours, but they do 
not niulti|)ly and rapidly disappear. 

After injectiuf^ blood rich in trypanosomes into the peritoneal 
cavity of white inic(‘, we found that the. parasites could be n.*covered 
Irorii the abdominal cavity and from the blood after twenty-four 
hours. At the end of forty-eii^ht hours, howevtT, they had all 
disappeared. That was also found to bo the case with monkeys 
(Macacus) inoculated in India by Wandyke Carttu* and Linj^^ird. 
The lormcT found some trypanos(.unes in the blooil on the. second 
and third days, the latter on the third day. After that tr\ j)anosomes 
could no longer be f<.)und. 

Section 3. -Study of Tri/panosoina /c/r/x/. 

Trypiiin>s<r,iui Ic^si in thk lh)nv oi- tiii*: Ra'C. — First we shall 
study the parasite as it occurs in the livinr," body: (!'; the fully- 
dcvclojHxl parasite; and ( 2 ) the midtiplicatiun forms. 

( 1 ) Adult P'arni (if 7'. Icuisi. — In fresh ])h.>od, e.\aminc<l either in 
film <jr hanging-drop pre[)arations, 7’. aj)pear.s as a very 

active worm-like body. It is the most motile of all the trypano- 
scmics. It moves about very a<'iively amongst. tlu‘ r(‘d c.oi i)usr:les, 
to which it imparts varied movements without (.duvuging their shape 
in any way. It is (jften seen to trav‘.d, llagidlum forenn.jst, right 
across the held of the microsco|>(‘ like an arrow, whicli is quite 
unusual with trypanosomes. When it moves mon' slowly slight 
oscillations of the tlagellum to the right and left :dtern:.»tely can be 
made out. In prci.)arations which have be(;n made: some lime the 
movements l)ecome still slower, and one can then see the wave-like 
undulations of the undulating memluane, w hich occur tirst in one 
direction, then in another. 

[Some auth(u*s ( Kabinowitsch and Kcmpiua', Prowa/ek) state 
that T.lcu'isi can also movt' with the fiagellum posterior. Prowa/ek, 
in describing the movements of /'. says: ‘In addition to 

inoveTnoiits of the bofly througdi contractions of the nn'oncrnes, 
which often cause a slight spiral motion of the bodv, one observes 
also a forward movement of the parasite throngli the vibrations of 
the undulating Tnend)rane and llagellum,'] 

P'ine granules can be seen in the i)rotoplasm, and often, tow'ards 
the posterior extremity, a very refractile granule corresponding to 
the centrosome. The nucleus is not visible. 

/ . Iciiisi measures 24 /i to 25 /jl in length, including ilagelhim, by 
about .1*3 fi in breadth. 

After staining by the eosin-l>orrel-blne and *tanniii method 
mentioned in Cliaj)ter II., the structure of the parasite is distinctly 
seen (I'ig. to, /, and I'ig. i of the ])late). The protoplasm, whicli 
is stained pale blue, contains the nucleus (nj stained lilac, and a 
much smaller chromatic body (/q, situated tow-ards the posterior end, 
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stainiH.! a deep violet. Along the free border of the nndul;dini; 
membrane c is a filament stained lilac, coiitinuoiis at the one end 
with the llagellum whilst at the other it leads to the corpiisciile 
marked in the ligiin*. The undulating meiiil;ramj is unstained 
except its thickened edge, which is continuous with the llagelhiin. 

riie pnUoplasm often contains fine granules. 

The nucleus, usually situated much nearer tiu: anterior than the 
[>osteri()r extremity, is oval in form. It contains granules staining 
more intensely than the general chrt)matic body of the nucleus. 

The ceiitrosomc, wliicli is deeply slaini.'d, is usually in the middle 
of a clear space, at the border of which the llagellum generally ends, 
or appears to end. There is no doubt, li<)wev(.*r, that tlie llagellum 
and centrosonn* are connected. When irypamxscmies break down 
wlfhout being entirely di.stroyed (in blood which has been kept for 
some time), .staine<l ])re[»aratioiis often show altered tr\ i)aiie)somes 
rediiccti to ii llagi‘lhim and centrosome, represtmling, so to Sj)eak, 
the skeleOm of the parasite (iM’g. tr, /O), and in such cases the 
continuity of the llagellum with the centrosome is cpiite apparent 
(Laveran and Mi.isnil, i’'rancis). 

j h'rorn a ixicent study of /'. /ea'/.s/, Prowa/ek * concludes that the 
structure and lifediislor)' e)l the paiasite arti much inoix? C(.)m|)li< ated 
than is usually .sup}H)Sed. As ^\'asielewski and vSenii (7r. cii.) had 
originally observed, Ih'osva/ek confiriTis the pre.seiice of a ))criplieral 
ectopla.sniic layer, oj ‘periplast/ all round parasite. Jle also 
des{:ribes a number (eight) of fine fibrils inyoneines- -like those 
seen by St'haudinn in 7', Jioiliiu’, but much more delicate and difficult 
to see. 'rile nucleus is ver\' coinpliixited, possessing a reticuhmi and 
karyosome, and with the chromatin concentrated into eiglit minute 
granules or chromosomes ; then* is also said to be- a lilamenl joining 
tile nucieus an<l controsorrie. j 

[ Prowa/ek distinguishes three forms of parasite.s in the bhiod : 
»i) ‘ indifhaeiit ' forms, with many granules, and the nucleu.s not 
.shai|>ly outlined; (,=:) ‘nude’ forms, smaller than (li, often stain- 
Uig me>n! dei^ply, with an elongated nucleus rich in chromatin ; 
and (j) ‘female’ forms, with a larger and rigiddooking body, and a 
reticular pale-staining cytoplasm. lie dt!scribes also in the blood of 
the rat various nuclear clianges — ‘ autcj-synthcsis ’ ol the nuclear 
karyosome (division into four, two [)arts disappearing and the otiier 
two joining up again), and nuclear reduction (Mesnil, in PitlL Inst. 
Past.).] 

(2) Miiltipliciitinn T'nrjjis of 7'. lacisi. Authors are not agieed upon 

the manner in which T, lL\oisi multiplies.-' 

* [I’rowa/ck, ,i. d. hi/st/r/. iicsu/id.. v. 22. 1(^05 ; absiract l)v Mesnil in 

A’////. V. 3, i(;o3, pp. 35 '- 554 -l 

“ As has been sialecl in a ]j!ei:eding paragrajjh, in order in sindy nuilli])lii;a- 
t:on lorms, it is necessary 10 examine the Vdood of a rat inoeulaied lour in triglu 
days previously ; after that time only #///>/// trypanosomes an- found m the blood. 

I liis i:s the rondiiion found in most of the .>ewer rats infec ted naiurally, and, 
a^ a rule, alter a sufficient lapse of lime mulliplicaiion lorms are not seen. 'I'ln.* 
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Accorclin^^ to Danilewsky, two forms of multiplication must be 
distiii^;uislu?d- "(t) longitudinal division which occurs while the try- 
panosome is actively motile; and (2) multiplication by segmentation. 
In the latter mode of division the ilagelhim and undulating mem- 
brane disappear, the parasite becomes spherical, and the nucleus by 
repeated subdivision gives rise to a variable number of young forms. 

Rabinowitsch and Kempne.r recognize — (i) longitudinal division, 
(j) transverse division, and segmentation ; in the last case the 
flagellum and undulating membrane entirely disappear. 

Wasielewski and Senn hold that all the processes of division of 
trypanosomes arc reducible to a longitudinal division, as is the case 
with the other flagoillates, except that in dividing trypanosomes the 
mother cell is always recognizable by being larger than the daughter 
cell or ciells. The ]'>arcnt cell and the daughter cells may remain 
together for some time, forming a kind of rosette. These authors 
are somewhat reticent upon the subject of simple multiple segmenta- 
tion. They give a hgiire, however, illustrating multiplication of the 
parasite, in which it is impossible to distinguish the parent cell, as 
they say can always be done. 

The di\ision forms of 1 \ IciK'isi are very varied, and on first 
examining a speeimen of blood in which these multiplication forms 
arc numerous, one can hardly nfcognise them as such. \ er\’ large 
forms arc seen side b}' side with very small ones ; sonu^are practically 
normal in appearance, others may assume all varieties of sliape. 

In fresh blood it is easy 1(.) make out, by means of tbi‘se variations 
in shape, whether the try[)anosomes are multiplying or not ; but it is 
only in well-stained ]>rcparaliuns that the evolution of these parasites 
can be satisfiictorily studied, b'rcsh blood containing dividing forms 
reveals the interesting fact that tlu^ trypanosomes while dividing 
continue to inove, only less actively than usual. 

On examining a large number of dividing forms in a well-stained 
preparation, they are seen to be divisible into two groups — group 
represented by Fig. to, 2 to 5 ; group ?.», by Fig. 10, 6 to kk 

Group a,- — A parasite alK)ut to divide enlarges in all dimensions 
in length f)ften to 35 h, in width to three or four times the normal 
(Fig. 10, J). At the same time the nucleus and centrosome enlarge, 
the latter becoming elongated, and the root of the flagellum thickens. 
Finally, the nucleus and centrosome come to lie close together. 

I-ater on the nucleus and centrosenne divide, sometimes the one, 
sometimes the other dividing first. With the division of th(j centro- 
somc, the thickened base of the flagellum divides (I'ig. 10, j). 

I McNeal and Prowazek maintain, however, that the original 
flagelhiin never divides, but that the entire flagellar apparatus of the 
daughter trypanosome is developed from the new centrosome.] 

perlLoneai flnitl of a rat inoculated iniiaperiUineally fuic or two tlays previously 
also contains miiucrous multiplication forms, Init this c-.'cuclatc docs not lend itself 
'1 the cyTological study of these parasites. 
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The ncwly-formtul llagcllvim separatt;s from tlic ohl one before 
the latter has divided in its whole length, so that at this stage there 
is a large lrypanosf)me ^\ ith two nuclei, two centrosoines, and two 
ilagella, of which one is much longi;r than the other. The new 
llagellurn rapidly grows. The protoplasm next divides, giving rise 
to a young trypanosome with short ilagt'lluni, attached more or l(?ss 
closely to the parent trypanosome. Hefore tlie yoiiiig parasite is 
liberated it may subdivide, and the parent trypanosome may also 
give rise to other parasites; in this way is brought about the rosette- 
like arrangement somt^times seen with one large trypanosome and 
several smaller ones. 

Group b. — The multiplication forms in this grouj) differ from 
the [^receding in that the paiauU trypanosome can no longer be 



ID ■— MLi..TirLic vn«iN I'okms tn* 7. /iu/s'. 

i. Adult irypunosoinu ; u, nucleii-i , /», rentrosonu* ; l^ iindul.-ilinii nu.-nibraiiu : 

-i j. 'Prypuiu^somrs in process «)( clivisinn ; sliov.s a small parasite 
about to separate from its parent cell. 6 S. other kinds ('f multiplication forms. 
0. A youni; free parasite lo. l.)ivision of a youns; form. (Maijnifietl about i, 7 C )0 
diameters.) 

distinguished. These forms were certainly soimi hy Rahinowitsch 
and Kernpner, but with tlie Ilagella unstained. W'.isiclewski and Senn 
doubt the existence of them without absolutely denying it. [McNeal^ 
has recentl}’ stat<;d that the characteristic feature ol this group b 
does not exist in reality, and that ‘unbroken multiplication rosettes 
.show the mother cell.' Petrie - also thinks that multiplication trekes 
place in every instance by unccjual longitudinal division. | \Vc were 
the first to describe these forms accurately. Rabinowitsch and 
Kempner*^ have recenth^ conlirrncd our observations in every detail. 

The paraijites vary in si/e and are spherical, ovoid, or irregular 
in shape. In the protoplasm is seen a variabh.^ number of nuclei 

* [Me Neal, /V.r., v. r, 1904, p. 523.J 
- tl*elrie,y/3//r;/. //r.-Vb v* 5, 1905, p. Kjq.') 

^ Rabinowitsch and Kempner, L'cniralb^f. Ihikier.^ I, (b ig., v. 34. 1903, p. 804. 
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with centnjsomos near thorn, and, arising from the ccntrosonies, 
small llagclla of equal length. 

1 ho nuclei may number 2, q, y, or ib. The ccntrosonies ma^- 
be twice as numerous as the nuclei, because division of the former 
precedes that of the latter. 

At lirst, although the nuclei, centrosomes, and flagella are 
multiple, there' is no trace of segmentation of the protoplasm 
(Fig. TO, 6 ), I^ater on the periphery of the parasite becomes 
indented (Mg. lo, and Fig. z in coloured plate), and finally the 
piotoplasrn divides into as many parts as there are nuclei and 
centiosornes (big. lo, S). The nuclei always multiply by simple 
division^ 

In the parasites undergoing multijilication the flagella are always 
seen in well-stained preparations. During the earlier stages of our 
researches u])on / . lacisi, we often obtained results like those figured 
by Kabinowitsch and Kempner in which the flagella had apparently 
disappeared. Since we have learnt to stain our preparations belter 
we never gt*t such forms, the flagella always being visible, and this 
is in agreement with what we said above ab(;)ut the mcHility of 
trypanosomes which arc undergoing division. 

I he multiplication forms in group 6 are evidently derived from 
those in groiq') <7. When the 3*oiing^ trypanosome (Fig. 10, t) lias 
separated from the parent form, its nucleus, centrosome, and 
flagellum continuing to divide without concomitant division of the 
protoplasm, one can easily understand the formation of such ibrms 
as those represented in Fig, 10, 7, and iV. The small forms 

(Fig. 10, (j and Fig. 3 in the plate), arising from the breaking up of 
the rosett(?,s, ma}' further subdivide into two (Fig. 10, /o), tlius 
accounting lot the existence.* of vt.*ry small forms. 

lo sum up, tile method of muitiplicatitm of the rat trypanosome 
is always the same: there is always a division of the nucleus, 
centrosome, arid root of the flagellum,-' but the \ ariations in appear- 
ance which r(?sult from the simple or repeated subdivision of these 
elements and fi-oin the early or late segmentation of tlie protoplasm, 
are numer-ous. 


I lypiiiiosnijui Icu'isi i\ tiik (jUiNT:A-ni<; — In the guinea-pig / . Ich'isi 
shows ccitain differences which arc probably attributable to a process 
of involutmu. 1 he multiplication forms occurring in tlu: peritoneal 
cavity after inoculation are abnormal. They are still mure varied 
than they are in the rat, very small forms predominating. After 
twenty-four or forty-eight hours, the trypanosomes in the peritoneal 
fluid and blood show a highly refractile spot, which at first sight 
on account of its constant proximity to the posterior end of the 


of liovvc*vcr, have dey.ciibed a form of mitf^sis iu a rise 

< I vision Oi /, A’a'/s/ (sec footnote, p. 21 ) ; Prowa/ck (see n rm'i '!nri 
Bylo. ./A) hav. ;, 1.0 described co.nplcx nurlv.? diW.io"! 

(Ii i.i pohsi.jle jhiu tlie flagellimi does not divide (see p. 701.] 
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body, might be mistaken for the centrosomo. In stained pnjpara- 
tions, however, it is easy to see that the centrosonic has its usual 
appearance, and that by its side there is a rounded, unstained 
vacuole corresponding with the n*fractilc spot seen in the living 
irj’panosome. 

Fig, II, // shows a trypanosome seen in the fresh blood of 
a guinea-pig: Fig. ir, /j a stained parasite from the blood of the 
same animal. 

DikF'Kkkxttal Ciiakacti-:ks or ’rrypammuia lacisi, T. Ica'isi 

differs consideraldy from the pathogenic trypanosomes of mammals.^ 
The size is practically the same, but the general ap])earance is 
different. Icieisi is thinner and more pointed, and its undu- 



Fh'i. II. T. JN' Tin*: (iuiNHA-i'u;. Invom’tid.v Imhims. 


ij. 'rrypani.>Sf)m<‘ in tho blood of tlie : c, jefraciile vaciiolo. 

2. 'I'rypanosome in a stainod specimon (d j’iiiiii‘a'pi}»’s l)lo(.)d : c, i:er,trr»suiiio ; 
V, VcituoUi. r.j and 14. Stained trypanosonu-s alter kept fur twenty days in llie 

icc-cbcst. Tjs. J.)ef<nnu.‘d trypanosumo after nine davs in lian.^ii’ii-dro]) preparation 
(l)l(*(id and sernin uf fowl). lO. Cenrrosoinc «iiul llai^ellmn, remains of a trypano- 
some ill si allied specimen. 


laling membrane less folded. It is more active, :ind may often 
be seen to travel across the field of the microscope without 
difficulty; this is rarely seen in the case of the pathogenic trypano- 
somes, except with 7'. trunsi,- 

The protoplasm of J\ laeisi stains faintly, and never contains 
the large and numerous granules so common in the pathogenic 
trypanosomes. The nucleus, exce}H in those parasit(?s about to 

^ In Ills recent work Martini (/th\ Iia.s drawn particular attention to these 
differcnce.s. 

“ [I have myself often seen hiiiiian trypanosomes from ( ases of * tryinnosome 
fever’ and of sleeping sickness, as well a^> animal Iryjianosoines from various 
diseased mammals in Uganda, very actively ii.olile in fresh specimens of cerebro- 
spinal tliiid or blood. In fact, it was sometimes difficult to keep the parasites 
under o])scrvatic*i, .so rajiidly did they travel across tlic field of the microsco])e. 
This difference between my «»wn observations in Uganda and those of the aulliors 
is probably to be exjilained by the fat:! that, wlieroas I was able to study the 
parasites directly in the blood of the naturally-infected individuals, ihi! trypano- 
somes studieil by the authors had been many times passed through experimental 
animals. 7\ livtix (Zieinann) is also very active (see p. 2 co). - Ki». ] 
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undergo multiplication, is not situated in the middle of the parasite, 
as it is ill the case of the trypanosomes of the type bnicci, but is 
always near the anterior end of the body. The posterior extremity 
of 1 . IcK'isi is usually very pointed, but too much importance must 
not be attached to this characteristic. Lastly, the multiplication 
forms arc very different. 

Rats infected with T. lewisi are just as susceptible to l\ hrucei or 
/ . evansi as are healthy control rats, as Koch (op. c/V.L Rogers,' and 
we ourselves have shown. In fresh blood-hlms of doubly infected 
rats it is v(U*y dilficult to distinguish the two species of parasite, but 
in stained specimens the diagnosis iiresents no difficulty. 

Sivori and Lecler have repeated the experiment with T. eijuinnm 
of mal de caderas^with analogous results. 

7. Uwisi further differs from the pathogenic trypanosomes in 
(piestion by the length of time it can be kept alive at low ttMn]K*ratures, 
and the relative ease with which it can be cultivated artificially {vide 
infra). 

The rnorpholof'ical diftcri'ntiation df Ilm isi frdin the noii- 
p.-itho;j:enic frypanosomos of sin.'ill mammals (uhich |)rol)al>Iy con- 
slitiite so many distinct spocics or, what amounts idmost to tho same 
thing, varieties specially adapted to their particular host) is much 
more diflicidt, and we shall see in the next chapter that tho differential 
characteristics of / . Irwisi and of tJie trypanosomes ot tlie rabbit 
(I’etrie), of the Indian squirrel (Donovan), iof the mouse (Thironx), 
and of the bat (Petrie, Sorgent) | are not always easy to detine. 

PKiiSKKX'.vi'lON oi' i rypimosoinu Icwist. — The time that try|)ano- 
somes can be kept in hanging-drop preparations (;r in blood pre- 
served in sterilized tubes is very varial)le. 

Danilewsky observed living trypanosomes in niPs blood kejU for 
eight or nine .days in a pipette at the room temj)erature. Young 
trypanosomes, he says, can live a little longer, up to ten f)r twelve 
days. 

Onr own observations, conlirmed by Jurgens, Francis, Musgrave, 
and Clegg, have sliown that the temperature has a marked intluence 
ui)on the length of time T. Icitisi can be kept alive. 

During the summer trypanosomes kept in the laboratory hardly 
ever survived longer than four dajs. In winter w(; kept blood con- 
taining trypanosomes (mixed with serum from the rat, fowl, or 
pigeon) in hanging-drop at the laboratory temperature for eighteen 
days. .'\t the end of that time the blood was profoundly altered, but 
several active trypanosomes were still visible. 

1 typanosomes so kept gradually become granular and their 
movements become sluggish. Fig. ii, represents a trypanosome in 
a stained preparation made from blood mixed with fowl serum, and 
kept for nine days in hanging-drop. Most of the parasites in this 

' I.. Rogos, /'rnc. A’liy. .S'th .. May 4, 1901. 
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specimen of blood were deformed. In other crises the trypanosomes 
assumed characteristic ‘ tadpole ’ forms. 

At the temperature of the ice-chest (5^ to 7° C. above zero), 
/. can be ke|)t alive for a considerably longer time.' 

We have found active trypanosomes in detihrinatt-d blotxl mixed 
with salt solution and kept in the ice-chest for jo, 44, 47, 41], 50, 
-'ji, and 52 days. I'rancis has kept them alive under tiu- same 
conditions for <Si days. On coming out of the refrigerator the try- 
])anosomes are always sluggish, but become more active as tlurir 
temperature rises. 7 ho number of living trypanosomes, howevt r, 
diminishes in proportion to the length of time they are kept in tlu: 
cold, and those which survive? are not as active as they were 
(•riginally. I^xarnined fresh they are seen to be distinctly granular. 
I-arg(? granules appear in trypanosomes kept in the cold for a fort- 
night or longer. Theses granules stain like the centrosoine, and are 
often as large, but their si/i? and distribution vary. Fig. 1:1, /j and 
//, s,how two trypanosomes stained after being in the refrigerator for 
twenty days. 

Lastly, agglomeration of the parasites, in twos or more, may 
t.KXiir after as sliort a tim(=? as two or three days in the^ ice-chest. 
The parasites are always joined by their posterior extremities. In 
this way rosettes may be formed, and, as the trypanosomes are still 
active, each organism in the rosette continues to move its flagellum 
and undulating membrane. The nnmb(*r of free trypanosomes 
diminishes the longer they are kept in the cold, but side l)y sidii with 
the agglomoratiul parasite's one nearly aKva\s finds some free ones 
« ven after a montli or more. lI"or the details (d’ agf^lonierntion, see 
later.) 

Sjjeeimens of blood containing trypanosomes kept in tlie ice-chest 
for 14, 47, 51, 52, and 54 days were still viriih nt, but the imajhation 
period in rats inoculated with such blood was longer than usual (vide 
'^ifpi'it), I'he length of time trypanosonu's can be thus ])reseived is 
miieli diminislied if the blood is not collected as(‘|)tically and if many 
bacteria develop in it. 

This great vitality' of 7 \ Ictcisi at low temperatures is one of the 
most characteristic features of this speeies. It enaldes us to distin- 
guisli it, and, if necessary', to separate it from the |)ath(jgenic species 
of tJie type hnicci. The effect upon the, other non-patliogenic try- 
panosomes should he studied. We shall siie later that l^etric has 
shown that the trypanosome of the rabbit lives for a month in the 
ice-chest. 

Jilrgens says that these try'panosomes live only two to four days 
57° t'. \V^ have shown that they can withstand a temperature of 

41’^ C. quite well. At 50^^ C. the motility rapidly diminishes, and at 
the end of five minutes no motile trypanosomes can he seen. 
Jurgens has, however, found that they are still infective after being 

' Laveran and Mesnil, C’. A*. .SW. /J/o/., 0('tol)er 6 and >ioveinl)or 10, I9(xj. 
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heated for two hours to 50'' C. and then slowly cooled clown. They 
cannot withstand the same length of expc^siire to 5^'^ ('. 

In a general wa}', one may say that T. U'^K'isi is affected by 
temperature's above 40'^ C., but certainly less so tlian are the try- 
panosomes of the type hnicci. 

7 '. Icu'iisi can also withstand low temperatures well. Thus Jurgens 
has kept it alive in slide preparations for at least seven days at 
a temperature of —5'^ to —8'' C, When he warmed the blocxl for 
the daily examination he noticed that the trypanosomes, at first 
motionless, gradually regained their motility. 

The same obserwr found that blood k(4)t for two hours at 
— 17“ C. was no longer infective. We have repeated this experi- 
ment under almost idcmtical conditions. A tube of citraied rat’s 
blood was placed for two hours in a mixture of ice and sea-salt, the 
temperature varying from —15*5 to - 18*5 0 . At the end of that 
time we found on warming the blood that the majority of the try- 
panosomes were motiordess, but several were still quite active. Half 
a c.c. of this b]<Jod injectcHl intraperitouoally into a rat produced 
a severe infection after an incubation period of six and a half 
da\s. 

We may add, tinally, that 7 '. /(-a'/s? is able to withstand for 
a certain time the tcirnjieniture c^f licpiid air. Some citrated blo<jd, 
kept for a ejuarter of un hour at a tcunperaturc: of — lyi/' C. — (very 
lew of the trypanosomes remained active : the others were, as a rule, 
well preserved, but often granular! —infected a rat on injection c^f 
i c.c. intraperitoneally (incubation live days; inflection severe). The 
same blood cooled to - 191*^ C. for a ijuarterof an hour, then warmed 
up and again exposed to liquid air for one hour (on micnjscopical 
examination of the blood, one active trypanosome was toimd after 
a long search), infeettid a rat again after injection of 1 c.c. intraperi- 
toneally (incubation six days; infection severe). In blood exposed 
to liquid air for twenty-four hours the trypanosomes were all si)herical 
and the blood was not infective. 

Action of Riidiiim. — T, Ican'si in hanging-drop was submitted to 
the action of radium through the cover-glass and the sheet of mica 
which closed the tube containing the radium. Several experiments 
showed that it required about twelve hours to render the trypano- 
simies motionless. Trypam^sonies are, therefore, more sensitive to the 
action of radium than are bacteria. 

[Kuss^ exposed T. laoisi to the action of X rays, but could detect 
no change in the parasite under the microscope,] 

Ci’i/rix'ATioN'. — Hitherto we have dealt only with the pvesevvation 
of T. li'-.cisi. We are now going to show how this trypappsome may be 
artilicially cnllivntcd. At different times various observers have 
claimed to have obtained, enther accidentally or otherwise, the 
growth in vitro of various trypanosomes. Thus Danilewsky and 

t [V, K. Kiiss, ArcJt.f, v. 56, 1906, p. 354.] 
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Chakichnikov have described in detail the changes of sha}x; (into 
spherical forms witli loss of ilagella) and the segmentation of tlu; try- 
panosomes of birds, Batrachia, and fishes, when preserved in i)i])ettes. 

In the case of T, Icu'isi, ('halachnikov has claimed to have 
obtained cultures by inoculating blood containing trypanosomes into 
dog’s serum. On looking at the author s figures of the culture forms, 
there is no doubt that some of them, at any rate, represent agglutina- 
tion rosettes. 

More recently Jiirgcns (/ec. cii,, p. 286) mentions having seen, in 
hanging-drop preparations of rat’s blood containing ‘ young ’ trypano- 
somes, and kept at 37"' C., ‘ division forms and developmental stages 
which were not seen the day before.’ But even if we admit tliat the 
author was not the victim of a mistake, we cannot say that the 
problem of the cultivation of trypanosomes was solved. 

There is now, however, no doubt that the problem is solved, 
(.specially so far as T. Iraisi is concerned, In- the researches of 
McNeal and Now, which we have been able to repeat. 

In the cha])tcr on Technicpie we stated under what conditions 
trypanosomes could be culti^'ated ; it is unnecessary, therefore, to 
refer again to the subject here, 

T. lc\K.'isi was the first trypanosome to hn cultivated. This is 
comparatively easily done in the water of condensation of the bhKxl- 
agar medium of McNeal and Novy. By inoculating several tubes 
witli blood from an infected rat, one mrarly always succeeds in 
obtaining a culture, and subcultures are e<]ually easy to obtain. 

x\cc*.»rding to McNeal and Novy, 7 '. tcu'isi grows in media con- 
taining I part of blood to 5 and cvcai 10 of agar. Ikit it |)refers 
media rich in blood, the best prt'portion being apparently 2 of blood 
to j of agar. In their earliest experiments these observers geni.Tally 
used a medium containing 1 part of blood to 2 of agar. 

At the laboratory temperature growth is V(.My slow, especially if 
llu* medium is inoculated with f(‘w parasit(.*s.i At the end of a 
certain time one sc^es, in addition to isolated trypanosomes, rosettes, 
which become more and more numcrons and are often composed 
of a large number of parasites — as many as t,()oo. All those 
trypanosomes are actively motile. Later on the number of living 
trypanosomes diminishes. In the middle of tlie njscttes numerous 
spherical degenerated forms are seen, and finally they all die. This 
final stage is reached at the end of a varial)l(^ tinu', which may' be 
several months when the medium has been freshly j^repared and 
inoculated with few trypanosomes. By modifying the type-medium 
wc have described, which served for the cultivations in series of 
tubes, McNeaJ and Novy succeeded in keeping trypanosomes alive 
in the same tube for as long as 306 days. 

The medium in this case was composed of 2 |.>arts of agar, i part 

' [As ])revi(jLisly stated (p. 14), Matins ha.s recently found that growth occurs 
more rapidly in media that have been heated for some time to 75 to 100 C.J 
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of rat’s blood, and i part of a solution containing i per cent, of 
glycocoll and i per cent, of sodium asparaginate. After the tube 
had been cooled some defibrinatcd rabbit's blood was added to the 
water of condensation. J^efibrinated rabbit's blood dlnjtc seems to 
be an excellent medium for the growth and preservation of T. Icwisi. 
Lastly, good results may Ije obtained by using ordinary sloped agar 
tubes, in which some defibrinatcd blood is added to the water of 
condensation. 

At the laboratory temperature McNeal and Novy obtained 
between May if), i(j02, and May r(j, i^o^ eleven generations of 
cultures, using a medium containing 2 parts of agar to i of de- 
fibrinated blood. A little of the growth of the tenth generation, 
inoculated intraperitoneally into two rats, infected them after an 
incubation period of four days. 

[In May, 1904, Novy, McNeal, and Hare* stated that this culture 
had passed through twenty-six generations in two years. After a 
year, says McNeal,’ T, ICiCisi has become so well adapted to its new 
conditions of growth that true colonics, white and glistening like 
the colonies of bacteria, often apptxir on the agar. Smedley’' has 
subcultivated T. Icu’isi through nine generations in nine months, and 
‘ the last generation multiplied rapidly and was (piiti* as infective as 
the preceding ones.'l 

At a temperature of 34 ’ to 37*^ ('.growth is more rapid — attaining 
its maximum in eight to twelve days —but is otherwise similar in all 
respects to that occurring at the room temperature;. After tifteen to 
twenty days all the parasites are dead. McNeal and Novy attril)utc; 
this rapid death to the transformation of the h?em(>globin into 
hannatin, which occurs rapidly at the body temperature;. 

I'rom Decaanber 4, i()o2, to May 23, 1903 (170 days;, McNeal 
and Novy obtained a series of twenty-two subcultures at the body 
temperature. It should 1)0 added, however, that the seventh and 
ninth tubes of the series were grown at the room temperature. Tlu; 
sixth tube having accidentally been kept at 40'^ C. for several hours, 
its trypanosomes rapidly degenerated, and subcultures made when 
this degeneration was noticed would not grow at 35"^ C., but only at 
the room temperature, 'fhe eighth tube of the scries, incubated at 
37^ ("., did not grow well, and the ninth tube would not grow at all 
at that tcniperature. It was, therefore, n(;cessary to use a tube of the 
ninth subculture grown at the room temperature. 

These details sliow clearly how badly cultures of trypanosomes 
can withstand temperatures of 37^ C. and above. 

Trypanosomes from three tubes of the twentieth subculture of 
the series were inoculated into rats. One animal developed only 
a very mild infection, l)ut the other two showed parasites in the 

^ [N‘)vy, McXe.il, and ] \ii\ a^Joidr/f. A iz/rr. XtciL May 28, 1904.] 

2 MrN(.Ml,y*w7/. //i/tu-. V. I, 1904 , pp. 5I7*543-] 

V. 5, h;o 5 , p. 29.} 
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blood after an inculcation jceriod of live to six days. The infection 
was very severe and both rats died. McNeal and Novy also found 
that, of two tubes of the tenth generation grown at the body 
teinjcerature, one (containing an alkalized niediiiin) did not produce 
an infection in a rat, while the other (containing ordinary nicdiiiin, 
non-alkalized) gave rise to a normal infection. It is impossible* to 
draw any definite conclusion from these facts, for the rats whic'h 
resisted infection may have been naturally immune, 

W'e have given a mild infection to a rat with a culture of the 
set-ond generati(m grown for twent3’-two days at 20'^ C. 'fwo (^th(*r 
rats became severely infected by ihtraperitoneal iiKU'ulation of i drop 
of an culture thirty-five days old, in which for alx.mt tweb ii 

days a copious growth of bacteria and various moulds had developed. 

‘ The 7 \ Irwisi as found in cultures varies greatly in size. It is 
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in)t unusual to find minute forms which, not counting the whip 
(llagellnm), an^ but i to 2 /jl in length. There are tithers which are 
typical in form, but arc not much longer than the diameter of a red 
corpiiscle. While most of the spindlc-shapt.'d cells range from i^fi to 
20 /t in length, some trypanosomes can be found at limes which are 
50 ft to Oo ft hmg. The cxistenci* of the small form accounts f;)r the 
kict that we have repeatedly been able to infect rats with Ikn'kefeld 
filtrates of such cultures' {Juiini. tf liifccL J)is., v. i, p. 27). 

By means of its long llagellnm the iiarasite is able to travel with 
great rapidity and almost in a straight line. 

Cultures of /'. lr<cisi contain numerous colonies of rosettes, com- 
posed of hundreds (T fusiform piirasites, having rather a stift’ m* rigid 
appearance. In these rosettes, contrarily to what is seen in the 
agglutination rosettes,* all the llagella are turned towards the centre. 

’ [Most aLith«iities are ay reed uix3n the cenlial arrangement of llic Hagolla in 
tite culture rosettes. I’rowa/ek, on the other haiul, describes rosettes in ( ulture 
media with the riagella periplieially situated, and suggests that the cenlrosomes 
secrete, and pass <«iit on to the surface of the body, a viscid substance, whicli 
causes the end of the body to become sticky. McXeal {Joiirn. hi fa. v. 1 , 

p|j. 517-543) has also ascribed rosette formation and agglutination to a stickiness 
of the body of the trypanosomes.] 
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In the culture forms the centrosome is on the same side of the 
nucleus as the flagellum, instead of at the other end, as in the forms 
found in the blood. It is, therefore, nearer the centre of the rosette 
than is the nucleus. 

Figure 12 gives an idea of the forms met with in cultures, 
(i) Free forms, romided or spindle-shaped. .Some (/ to o) show 
undoubted division forms (ctpial binary division) ; others {(} and 7) 
are interesting because, although the centrosome is on the same side 
of the nucleus as the flagellum, the latter is joined to the l)ody by a 
short undulating membrane. This is an intermediate stage betweeji 
the 1 Icrpclomomis without undulating meunbrane and the adult form 
seen in the blood, and its existence proves lluit the undulating mem- 
brane is not formed by the attachment to the protoplasmic body of 
a flagellum folded backwards. There are all stages between these 
diftcrent types. 

(2) Rosette forms some (/) of rounded or pcar-sha|)ed parasites, 
with short flagella ; others (j) of fusiform parasites, with well- 
developed flagella. The former appear to be an early stage of the 
latte-r. Indications of division, especially of the centrosome and 
flagellum, are numerous in these rosette forms. 

[McNcal {Uh\ cit.. p. 528) studied H\ iiig cnlturcf-; by making a Harn ier 
slide preparation of r loopful of an actively-growing nillure wiUi 
2 loopfuls of fresh condensation fluid from a blood- agar tube. On 
watching small rosettes — say of four or live cells — he found that at 
30^^ C. complete division of a cell took al)oiU one lioiir, and that the cel) 
may proceed to a second division within about four hours.] 

I'Smedley (/()£:. cit., p. 33) states that Laveran and Mesnil’s eosin- TJorrel- 
])lue stain gives the best rcisnlts with cultures ; and that ‘ Komanowsky’s 
stain anil similar stains deposit masses of precipitate, and fail to bring out 
any detail in the organisms.’] 

Section 4. — Ag’glomeration of TrifpanosoiHa letrisiA 

1'. leK'isi is, of all the trypanosome.s, the one which lerul.s itself 
best to the study of the phenomena of agglomeration. On account 
of the interesting nature of these phenomena, we are devoting to 
them here a section, reproduced almost verbatim from our paper 
published in igoi. 

Uridef certain conditions T. laoisi forms very characteristic and 
regular colonies. The conditions wliich bring about the formation 
of these colonies may be classified under two di.stinct headings: 

I. Agglomeration is produced in defihrinated blood kept for a 
shorter or longer time in the refrigerator. In this case the 
phenomenon is always jxirtial, and lasts until the death and degene- 
ration of the parasites (see Chapter X.). 

1 These pheiioiiiena, which we were the first to dcsciibe in iQco (C. R. Soe. 
JJio/., October 6 and Noveinl^er 10, 1900), and in jiicater detail in J901 {Antulnsi. 
PttsL), have since been studied in the case of tlie rat trypanosome by Jiirgens 
and Francis. 
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j. When dcHhriniited blood or serum ^ containing trypanosomes 
is acted upon by the serum of certain animals, and particularly of 
rats which have had one or more injections of blood containing the 
parasite, a rapM and often amiplde massing together of the trypano- 
somes is observed. Agglomeration may occur in a few minutes. 
Sometimes it persists until the death of tlie parasites; sometimes the 
agglomerated masses break up again. All the phenomena in the 
second category have this in common that they are brought about 
l)y substances which, by analogy with what is krunvn of the; aggluti- 
nation of bacteria and red corpuscles, may be called ugg////ou/rs-, 
from their behaviour to heat. 

Formation and Morphology of the Ar;<;i.FTiNATics.--To 
study in detail the manner in which these mass('s of trypanosomes are 
formed, it is best to select cases in which the various phases (K,cur 
\'t?rv slowly and the agglutination is never very marked, as, for 
examine, when physiological saline is added to blood containing 
tr\ panos(um.‘S. 

The lirst fact to note, and certainly the most important as 
uiiderlying all th(i peculiarities we shall point out, is that the 
agglutination of the trypanosomes is not precedixi by any loss t)f 
motility. The tvypuuvsimcs which are as aciivc as those 

\ehieh remain isolated, either in the same or in contiol |)roparations. 

Agglomeration always begins in the same way : two trypano- 
somes join by their posterior non-llagellated cfids’’ (I'ig. i.j, / ). The 
area of contact is very small, but sulhces to keep together the 
two |)arasites, which form a straight line, and show considerable 
a.ctivity.'' 

Ficru rnlly the process does in^t end there, but other jxirasites ' 
come and join the first two, forming a rosette of a v ariable numl)er of 
individuals, all arranged with the p(.)Stcrior ends towards the centre 
of the group, the free and active llagidla tf>wards the periphery 
Ff -’)• 111 this way masses t)f a hundred or more parasites 

ma}' be formed, and they arc very interesting to watcli. Fach 
trypanosome retains its movements indepciuh-ntly, and seems to be 
trying to escapti from its fetters, which in some cases it succeeds in 
<loing. Sometimes, especially in the case of cooled blood, there is a 
leucocyte or a group of blood-platelets intTO or less damaged, in the 
centre of the agglomerated mass. 

‘ l^rancis recommends allowing trypanosome-conlaining blood lo coiigiilale, 
when llie jiarasitcs pass oiil into the serum, and one is then not troubled by the rod 
corpuscles. He took a piecaiition which we Ijave never Ibund necessary. i\s the 
blood of infected rats often containe<l an auto-agglutinin infra), Fran< is 

got lid of this by rill ration through porcelain and frequent washings with distilled 
water, the trypanosomes collected thus on the rilterwere su.spended in a quantity 
ol liquid etpial in volume to that of the original scrum. It seems lo us that these 
operations would greatly alter the charai:ier of the trypanosomes. 

■ In examining tresh sjiecimen.s, there may be some doubt as lo which entls are 
m contact; in stained specimens there is never any doubt, figs, i / and j?, arc 
leproduced from stained smears. 

‘ When we study the trypanosome of nagana we shall ipiote cases in which the 
agglutination is reduced lo this pairing of the parasites. 
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TIui ligf^lomtjnitcd musses are not always so slowly formed. 
When (Ilk; to true a.u^dutinins, one secs a larj^e numb(^r of tryparui 
sornes joining together almost immediately to form a mass. In smii 
cases the lr\panosomcs approadi one atk^ther without tiu: lea.-i 
regard to orientation, and often this stage is so short that there is n.i 
opportunity of watching it. Soon, however, the parasites arranj.'- 
themselves in proper position ; all the posterior ends c:oim; together, 
and produce the rosette formation we have described. 

When dealing with highly agglutinating, and especially witli 
specific, serums, the procc'ss may be more complicated. A numbci 
of rosettes become groujx^d together so as to form enormous secondary 
masses (I'ig. i ].j)y which, by n^ason of the movements of all theii 
component elements, scatter the red corpuscles by which they are 
surrounded. Such a condition is (juite visilde to the naked eye in 
hanging-drop preparations, as ch-ar areas with a greyish centre on a 
red background. 

rinally, when agglutination persists, it is seen that the trypaun 
somes in the centre of these secondary masses beconk* molionles.- 
and degenerate, those at tlk^ peripluay alone remaining motile. 

The parasiti's in these masses are often so adhenait to oni 
another that the blood can bespread in thin lilms witiiout disturbing 
the agglomeration. In this way very pnrlty stained pi(..‘|)arati(m.' 
may l.>e (.)btainod. We have never seen any morphological cliange- 
in recently agglomerated tr\'})anc)sonies. 

A('.(iH)Mi:KA riON or* Dead ok Parai.v/eo Tkvi'Axos()M1::s. 

As we have said above, agglomerated trypanosomes usually retain 
tlkur motility, \\diat happens with trypanosomes previously iami- 
dered motionless ? We have b(,‘eii able to answcu' this (jue'Stiou in 
two ways: (f) by killing the parasiftis with clilorofonn (U' formalin: 
and (2) by studying the action of several specific serums wliicli in 
big doses jiaraly/e. the trypanosome.s. 

If a thick film of blood containing trypanosomes be e\j)o.sed to 
the vapour of cliloroform, all the parasites di(' in from live to lifl(.‘eii 
minutes, and become granular ; their outlines become less distinct, 
so that the ])arasites are less easily seen. A trace of formalin added 
to the blood gives better results: the trypanosomes are well fixed, 
and retain tlieii rcfractile appearance. 

Sjifums which agglutinate living liypanosomes agglutinate dead 
ones e^jually well, and vice versa, but tlu^ agglomerations differ from 
those wo ha\'C described al)ove. The individual parasites in them art 
disposed tvithon! any alteiupt at rc^uliirity, 

'l lius, in tlu* case of trypanosomes killed by chloroform there an^ 
masses in which the parasites form a network, with meshes more or 
less cK:'sely interwoN en. In the case of formalin-fixed trypanosomes 
the masses are very compact, but the parasites show no delinite 
arrangement in them. 

Our |>araly2iiig serums in big doses do not render the trypauo- 
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somes quite motionless, but only considerably less motile. Under 
the.se conditions the masses formed are like those obtained with 



l.i. — AtJGLUTlNiVnON 7 '. IcR'isi. 

T ami 2. I'l'oin sf^inud specimcnts. 3. l'n)tu fresh speciniuMis. 1. Two trvpanos()m(.'.s 
j()in(?fl j)y their ]K)Stenor extreinilics. 2. Ivosolto of irypanrisoinos (primary 
linationj. 3. Colt^ny or mass <.)f rosettes (secomlarv a";4liilinaiioii). 


trypanosomes killed with formalin, when they are often in the 
form of sheaves. In small doses these; serums do not exert any 

6- -2 
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paralyzing influence, but still have great agglutinating power. In 
such cases rosettes arc formed. 

We think that all these facts admit of only one interpretation. 
The particular form the agglomerate assumes in ordinary cases 
depends upon the motility of the trypanosomes. In a colony which 
is in process of formation each trypanosome tries to escape flagellum 
foremost ; the condition of equilibrium which results is, therefore, 
represented by a rosette, in which all the parasites have their 
posterior extremities directed towards the ciaitre and the flagella 
towards the periphery. 

DiSAGGLOMr: RATION, — The motility of trypanosomes also accounts 
for a curious phenomenon often seen in agglomerated masses of 
the parasites, but never seen in bacterial agglutinates. 

Trypanosomes agglomerated almost immediately on coming in 
contact with a serum may subsequently become free and isolated 
again. The secondary masses disaggregate, the rosettes either 
completely breaking up or losing a large number of their component 
parasites.* This fact is vcr\' confusing when these phenomena arc 
first studied. It is not brought about by all serums, and with an)’ 
particular serum it is more marked with small than with large doses 
of the scrum. On the other hand, it does not occur unless the 
tryj)anosomes are actively motile. Those parasites which are not 
too tightly held succeed in fn‘eing themselves, and one might imagine 
that if the motility of the trypanosomes diminished, the phenomenon 
of agglutination might rea|)pear. We have, indeed, seen this happen 
on several occasions. Disagglorneration may be prevented by putting 
the preparations in the refrigerator; for, as we have shown, under 
these conditions the trypanosomes retain their vitality for a long 
time, but their activity is diminished. Looked at from another 
f>oint <jf view, it is seen that, if our explanation of disagglorneraticm 
is correct, its intensity should be in inverse ratio to the agglutinating 
power of the serum used. 

V^JTALITV AND \ARCM:NCK OF Aociu )M I':KATK J > Trvfanosomes. 
— We have made a large number of observations on this point, 
particularly with specific serums, of which we always carefully 
studied the agglomerating properties before using them for prophy- 
lactic |)yrposes. For example, we used the same trypanosome-con- 
taining blood mixed either with salt solution or with the serum of a 
healthy rat. The mixtures were kept in hanging-drop preparations 
at the room tcanperature (15'^ F-), and in tubes plugged with cotton- 
wool in the refrigerator. 

The agglutinated mixtures always showed living trypanosomes 
as long as the ‘control’ preparations, and, moreover,, these parasites 
were just as infective. 

There remains one observation to be made in this connection. 

^ 'I'hc o])st*rvatlons were made in hanj^ing-drop preparations at about 1 5" C. 
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We have alread)^ stated that, in the case of persistent secondary 
aj^glutination masses, the trypanosomes in the interior of the mass 
die very quickly. That, however, is not to be looked upon as an 
exception to the general rule. The trypanosomes die as the indirect 
result of the agglomeration, because in the interior of the mass they 
find the conditions unfavourable for their vital processes. I'he 
survival of the peripheral parasites is in favour of this interpretation. 

Let us now inquire into the details of agglomeration as it occurs 
in different cases. 

Spkcific AcaiLUTiNiNS. — The serum of normal rats — white or 
speckled rats, or sewer rats (Mus dcciinninns ) — does not agglutinate.' 
As a result of successive inoculations with trypanosome-containing 
blood, rat’s serum acquires agglutinating properties, which become 
more marked in proportion to the immunity produced.- lilven after 
a single inoculation, there is distinct agglutinative power when the 
infection is at an end. The serum of a rat even during the progress 
of the infection may agglutinate slightly, s(unetimes agglutinating 
its own trypanosomes, as we shall sec later on. 

After live to ten intraperitoneal inoculations the rat's serum has 
an agglutinating value varying from 5 to 50 — that is to say, it is 
necessary to add to a given quantity of defibrinated blood at least 
one-fifth or one-fiftieth of its volume of the serum, in order to produce 
agglutination of its trypanosomes. Francis records a case in which 
the agglutinating value of the scrum was 200. Wheti minimal 
doses of serum are used, agglutination masses are formed, which 
subsequenth^ break up again almost C(.)mpletely. In larger doses 
and with highly-agglutinating serums, most of the masses remain 
agglutinated, and this is always the case when the agglutinating 
value of the serum is higher than 10. 

With highly agglutinating serums used in quantities of at least 
double the minimal dose, secondary agglomeration masses are usually 
formed, I.astly, we have already mentioned the case of rats (which 
had had more than ten inoculations) whose serum, in a dilution of 
I in 20 (it was ru)t tested in higher dilutions), produced persistent 
clumps, and in stronger doses had a distinctly paralyzing effect. 
One of these rats, which in seven months had been inoculated 
thirteen times, had a scrum so paralyzing that, with a dilution 
of I in 10, rosettes of the agglutinated trypanosomes were no longer 
produced. 

1 he paralyzing power of specific scrums thus develops very slowly 
during immunization, contrary to what occurs with antibacterial 
serums, in w^hich the paralyzing power is always associated wdth the 
power of agglutination. 

^ We have, moreover, noted lliat, on adding to dolibrinated trypanosome- 
containing blood sonic rat’s serum instead of salt solution, the trypanosomes tlid 
not agglutinate when placed in the ice-chest. 

"It is curious that Rabinowitsch and Keinpner, who were the first to prepare a 
specific serum, state that their serum had no agglutinating power. 
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Specific scrums contain a true ag^j^lutinin. Heating to ss'"* to 
5S‘^ C". for half or tlnccxiuarters of an hour docs not diminish their 
agglutinating value, l)ut the clumps pn)duced by heated serums are, 
as a rule, not so marked nor so persistent as with non-heated 
serums. Serum heated to 6 5'^ to 65^ C.^ for half an hour loses its 
aggl 11 1 i 11 a t i n g j^owc r . 

The serum of a guinea-i)ig which had been inoculated with 
trypanosomes on several occasions was slightly agglutinating ; that 
of a normal guinea-]ug has no agglutinating power whatever. 

Acc'.LrTiNiNs IN l)i I’l’KKKN'r Nokmaj. Si-kums. The serum of 

the guinea-pig, white mouse, man, pigeon, or frog has no 
agglutinating properties for 7 '. Icu'isi, That of the she(^p, goat, dug, 
or rabbit is slightly agglutinating. In order to obtain definite 
results it is necessary to use equal volumes of scrum and of blood 
containing trypanosomes. Hvaai then agglutination is never 
complete, and, as a rule, the n.)settes contain only few parasites. 
W'ith the serum of the rabbit disagglomeration is almost complete 
at the end of some hours. The agglomerates are more persistent 
with the serum of tlu‘ sheep or dog, and with the latter secondary 
agglomeration masses may even oc('ur. 

The, serums of the fowl, horst;, and, acc'ording to I'rancis, of the 
cat, are much more agglutinating than tin* above-mentioned, their 
value being from 2 to lo. One drop mixed with one or even two 
drops of blood containing trypanosomes brings about complete 
agglomeration of tlu‘ parasites. I'lie rosettes contain a very large 
number of component trypanosomes, and enormous secondary masses 
are formed, (juite as large as in the case of specific siTiims. 'fhe 
tJiily dilTertncij is that in the case of these normal serums the 
clumps separate again more or less completely. The agglutinin 
present in these serums is afircted by heat in exac'.tl} tin; sanu* way 
as that of specific serums. 

There, is a certain parallelism between llie agglutinating ptnverof 
these various serums for the rat's red corpuscles and for trypano- 
somes. Thus, of the mammalian scrums which have been investi- 
gated, tliat of the horse is the most active in both cases. Fowl's 
siTiirn is also very jjotent, while the pigeon's is inactivt;. The 
agglutinin ing value is always much higher for the red corpuscles 
than for iry|)anosomes : thus, the serum of a fowl had an aggluti- 
nating value of 20 for red corpuscles, whilst for trypanosomes its 
valiir was only bidween ..| and 5. 

In these different scniiins trypanosomes, whether agglutinated or 
not, remain alive for a hmg time. The serum of the fowl and 
pigeon apipear tr) us to possess remarkable properties -in this ros})ect 
(see p. 741. 

Kill .5 .'^eruin < en.u;ul.ite(l at that icinperatiin*. Ii must, therefore, be mixed 
wiut aii equal volume of salt snluUon. After heatinj(, a very opalescent liquid is 
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Thic AciOi.i - 1 iNATiNc;. PowKR or Tin: l?u)i)V Plimi’^soi- Ini-iicted 
Rats i'OK theik own Tkvpanosomes. — This phenomenon is p:ir- 
ticnlarlv well seen when the peritoneal Ihiid of actixoly or passively 
immnni/ed rats injected with trjqianosomes is examined in hangin^^"- 
drop ; but in such crises only small rosettes are formed, which may 
he |)ermanfMit or temporary. 

Sometimes, w'hen the blood of a rat is i.‘xainined during the 
coiirst.' of an infection, the trypamxsomes in an ordinai v slide pre- 
paration show’ a distinct tendency to arrange iheinselvis into groups,^ 
occasionally forming definite rosettes, hut we have never seen such 
clumping |Hu;sist.‘ 

Only a small proportion of our rats have at a.nv lime sluwvn this 
phenomenon. It appears to have betui })resent in all h'rancis's rats, 
and, moreover, the agglutinins must have been vny active, for that 
observer was able to ged staint'd s)^(‘cimi:ns sinewing ])ersistent 
rnsettes. I'rancis has observed, and we can confirm his observation, 
that tlie appearance of what lie calls ‘ aulo-agglul inins ' in the l)l<jod 
prercd(?s l)y a few' days the nhimato recovery of an infected rat. 
The rats of McXcal and N<ny also freciuently showed lh(‘ |)res('.nee 
of antt^-agglntinins. [ .NfcNc’al thinks that agglutination and rosette 
fiu ination art* cine t(^ increasing diflicnlty in division, and to a gradn- 
ally increasing stickiness of the Ix.njy of the trypaimsome, and that 
these phemornena indicate commencing aiitagnnislu* action of the 
htjst.j 

In conclusion, the fact which dominat(‘S the? pheuiomena of the 
agglomeratiiui of Irypanostmies, and which gives them so special a 
character, is that the trypanosomes remain actiw*.' hnnn the point 
of view of tlie general conception of the i»henomenon of agglutina- 
tion, this fact proves that in the case r)r actively im^tile organisms 
loss of motility does not necessarily precede agglonieiation, or, in 
other words, that thi: paralyzing and agglutinating substances are 
different. ('ertain facts suggest the coi‘xistenee <d these two sub- 
stances in the case of motile bacteria, but in tluM-aseof tivp'anosoincs 
it IS distinctly proved. 

During immuni/ation the agglutinating power of the sernm 
apjxjars rapidly, even wdiile the infection lasts : r>n the (;th(T hand, 
the ]>aralyzing pow(*r is manifested only I)v highly immiiiii/cd animals, 
and we shall see snhseciuently that the preventi\-e power develops 
miudi later. 

' If one were not aware nf this phenomenon, (.ne might think it was the first 
stage fjf ronjiigation. Stassano (>V7t. ^/i' January. u;oT) lias iiuleetl gi\cn it 
thi:^ intcrpi elation. 

Laverin and Mesnil, y'l/f/r. Inst. Ptrst.^ v. 15, p. 696. 

J-ecloux- LelMird {. inn. /ns/. AoV.,v. lO, 1902) has reennU-d analogous results 
when blood -sc-ritin (from the guinea-pig, for example) arts upon I\iytnnayi(i. 
These Infusoria retain their motility and aggiomeraie into rosettes, with their 
posterior ends towards lh(.- centre nf^tlie rosette. 'Uic Infusoria are kept aggluti- 
nated by a viscid substance, which they eliminate. 
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Section 5.— Natural Modes of Infection in Rats. 

• 

The natural infection in f^rey wild rats seems to be conveyed by 
means of fleas and lice, which, after sucking the blood of infected 
animals, bile healthy animals. 

On crushing lice caught on infected rats, we have found, in 
well-staincd specimens of the stomach contents, absolutely normal 
trypanosomes amongst the red blood-corpuscles. [McNeaT has 
also found trypanosomes in lice fed on infected animals; and in one 
experiment such lice infticted a healthy rat. lie was unable to 
make out any developmental stages in the lice. Prowa/ek’s ' observa- 
tions are verv interesting and important, because he was able not 
only to distinguish trypanosomes in various stages in the body of a 
rat-louse (llfamitDpinus spiutilDsus), but also to observe the formation 
of sexual forms, as will be described more in detail later. From 
these experiments of Prowa;^ek it seems to follow that the Hicuiatr- 
piuiis is a true alternate or definitive host, and not merely a mechanical 
carrier of the parasite. This is the first time that a sexual cycle of 
development in a mammalian trypanosome has been observed.] 

Sivori and Lecler have found living 7'. leia^isi in fleas. Kabino- 
witsch and Kempner did not succeed in finding trypanosomes in fleas 
caught on infected rats, but when they crushed some of tlu'.sc insects 
in salt solution, and inoculated the mixture into the peritoneal cavity 
of healthy rats, an infection occurred in five out of nine cases. 
Sivori and Lecler have successfully repeated this experiment. 
Kabinowitsch and Kempner have, in addition, made tin* following 
observations : 

1. An infected white rat was kept together with healthy rats. At 
the eiul of eleven to fifteen days trypanosomes appeared in the blood 
of the healthy. animals. (Sivori and Lecler and we ourselves have 
confirmi'd this r»bservation.) 

2. About t\Nenty fleas caught on infected rats were placed upon 
a healthy rat. At the end of two to three weeks trypanosomes 
appeared in its blood. 

These experiments tend to show that fleas play a part in the 
transmission of 7'. lauisi analogous to that of the tsetsc^fly in the 
transmission of nagana. The transmission by fleas and lice, which 
are apterous insects, explains why the infection in rats in any 
particular locality ma}’ be very localized ; for example, the loft in 
Ann Arbor where McNeal and Novy found all the rats infected. 

Attempts to produce infection by the mouth or stomach have 
given negative results with all observers except Francis {vide supra). 
It is certain tiiat rats may become infected by catipg food mixed 
with blood containing trypanosomes or 1)\' devouring infected rats, 
but only witen there is an abrasion of the muzzle or buccal mucous 

J ’ Me VtjaU/iW;-;/. /fijlr. D/s., v. i, 1904, pp. 517-543*] 

^ [I'sowazek, Ar/f. tr. d. ka/scrl. Gesund., v. 22, 1905.] 
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niembrane. It is impossible to say whether this mode of infection 
plays any part under natural conditions. 

[In lice which had fed on infected rats Prowazek saw trypanosomes 
iirst in the stomach or fore-gut, in which he succeeded in studying the 
peculiar sexual changes, and even, though rarely, saw the actual process 
of conjugation and subseciuent development. At the second meal the 
trypanosomes are forced towards the middle-gut, and later into the hind- 
gut, where they accumulate in the region of the Malpighian tubes. I'lie 
parasites then get into the blood-stream, and, as in the case of the mostjuito 
studied by Schaudinn, reach the pharynx. I'rom there they are inocu- 
lated into the body of the host the next time the louse bites. Prowazek 
only once found trypanosomes in an ovum, so that hereditary transmission 
of the infection appears to be exceptional in the louse.] 

[‘ Various forms were observed in the louse, of which the following 
appear to be the most interesting : I’orms with a chromiitic reduction of 



I. Male (sexualj form. 2 and j. Staj^es in oonjii^iaiion of V. Irwiii. 4 Ookinete 
(zygote). (After I'rowazek. ) 


l)oth nucleus and cenlrosome, each of these dividing twice, so that the 
final nucleus has only four chromosomes, l-ater, the male and female 
forms are ditTerenlialed. The male forms are smaller and the nucleus 
very elongated and band-like. Prowazek was able to observe, though 
very rarely, different stages in conjugation. Fig. 14 shows two stages in 
conjugation, and the final result — the ookinete with a single nucleus and 
no flagellar apparatus — exactly resembling those of the Plasmodium or 
Hiemamocba. (^ne finds all stages between these zygotes (ookinetes) and 
flagellated forms, in which the cenlrosome is in front of and near the 
nucleus, and which in some respects resemble culture forms, but, unlike 
the latter, would have a sexual origin. Prowazek maintains that, during 
the development of the flagellated forms from the zygotes, the centro- 
soine is derived from the nucleus of the zygote by lieteropolar mitosis, as 
was described by Schaudinn in 7 ’. noctiutP^ 

The parasifes do not scum able to pass through the placenta. 
When pregnant females are infected trypanosomes arc not found in 

^ I From Mesnirs abstract of Provvazek*s ])aper, />V///. Jfts/. Past., v. 3, 1905, 

I>P‘ 551-554.1 
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the blood of the fcetus. Chaiissat had already noted this fact, 
which has been ('onfinncd by Lewis, Lin{:;ard, Rabinowitsch and 
Keinpiier, an<l by ourselves. 

Section 6. - Active Immunity : its Mode of Production. 

In the short parayra|)h in their report settin;i; forth the differential 
characteristics of T. /ra'/.s/ (which they call T, s.iiii}:;iiinis), and of the 
parasite of na^^'ana, Kanthack, Durham, and l^laiulford state that 
rats which have had i)ne infection arc refractory to a second inocula- 
tion. These observers, tliercfore. deserve the ('redit of having shcjwn 
the existence of an active iininnnity against a trypanosome. Dut it 
was Rabinowitsch and Keinpner who drew particular attention to 
the fact and insisted upon its importaiu'e. Tlu'y say that a rat 
which has recovered from a first infection never becomes reinfected, 
no matter how large a dose of infective blood In^ injected into the 
peritoiieiiin. Tin's was confirmed by us, then by Jurgens and 
hVaiua's. There are, how(?ver, exccjUions t(» this rule. 

'riuis, of thirty rats wliieh we carefully siiidi('d from this point 
of vitnv, only two became reinfected as a result of a second injection 
of blood containing trypaiH^somes. IV.rhaps we should mention also 
the case of a rat whicli resisted a first inocnlalion, but became 
scfverely infected (the infection lasting at Ii.*ast two aiula half months) 
afti'i' a secontl inoculation- Lastly, <.»ne of our rats, whicdi was severely 
infi.cicd (three and a half months) after an injection of blood mixed 
with \ c.c. of a slightly activti specific serum, developed a mild inlcc- 
tion, lasting about twenty days, after a second inoculation, and a very 
severe infection after a. foiirtli inoculation. On the other hand, we 
have already referred to two rats which were (jiiite refiacl(.>ry to the 
first and all subsetpient inoculations (p. Or). 

I'rancis has also rcconled two exceptions to this rule in the case 
of the two rats which received their first infection, the one l)y way ot 
the stomach (:), the other through the month. 

These exci.'ptions, howevt.T, do not affect the generality of the law 
laid down by Rabinowitsch and Kempner. A first infection, even 
though it last only l\\o days and there be very lew tryjmiosomes in 
the l)loo(:, confers an active immunity upon rats. 

Aui- rni: Yocno ij(>un oi- Immcxi/cd M(n'iir,Rs thi:mskl\t:s 
Immcni: ? A female rat immiini;'ed by ns had two litters. The sole 
survivor {>1 tlu! lirst litter resisted all inoculations, but the eight young 
of the scc»>nd litter were as sii.sccptil)le as normal rats. All the young 
ol two other females w vsc susceptible. Finally, of t^wo offspring of 
a fourth immune female, one resisted the first inoculation, but 
In came. severely infected after the second inoculation, whereas the 
other was susceptible to tlie first injection, 'rhese facts show that 
iimmmi/atiun through the placenta or by lactation is exceptional, if 
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it occur at all. We also foinid that the agglutinating^ sul^sl.'inccdoes 
not pass through the placenta. 

I'rancis likewise found, on infecting five pregnant females, that 
the young ones, 1)orn without a blood infection, had no particular 
resistance to subse(]uent inoculation. 

/7)c immimily »f (he }^niiiicit-/)i^ after a first infei'ticjn does not 
appear to be so easily acquired or .so complete as that of the rat. 
Tims, of four guinea-i)igs two resisted all inoculations subsequent to 
the first, the trypanosomes not reap|)earing in the l)l(;(.d, while the 
two otliers became freshly infected after the third iiijia-tinii. These 
observations are, however, too few in tnimber to euahh; one to draw 
anv conclusions from them. 

'I'liK NbuiK Of rKoincTio.N oi- .XcTivi' I\iMf.\-irY IN Kais.— 
wii.'it becomes of the trypanosomes injected into tile peritojie.al 
cavity of an immune rat? Only very rarely do they a])pear in tin; 
hlixxl, and in such cases thc^y are present m it C)nly lor a vc;ry slant 
time and in small numbers. 77/c Inf-.tnesoinc'i, llh n f«)x, i/rc iltslnnril 
iu Hw pirilimenl ctivily ilself. 

It takes ;i varialde time lor all the parasites to disapipear. In 
large rats, which hav(^ already received se\'eral injections, oiu- hour, or 
even le.xs, i.s often sullicient for the com|)lete destruction of all the 
liypano.somes contained in .1 or l c.c. of blood very rich in parasites 
■one Irypanosurne to one to three red corpuscles). 

How is this destruction of the p.arasites efieetixl ? In order to 
i.'Ci.'rtain this, a little Ihiid is removed from the peritoneal cavit\' of 
rats at vaiying itderv.als and examiiK'd in hanging-dro|). It is seim 
t'l.’.t all the trypanosomes in the fluid remain motile, normal in 
■q'pearance, and isolated until they completely disa|)pear. Itis- 
absolutely necessary to examine the fluid iliraily it is withdrawti 
hdiii the peritoneal cavity, in order to see that the par.asites are 
inichnnped in the lliiid, for in a tew minutes jifter remo\al from the 
bod\ >m.'ill clum))s are formed. 1 he. body llnitls ol immuni/ed r:ds 
:ire agglutinating, but in our experiments this property has always 
her n only feebly developecl (.see Section .p. 

I'he peritoneal fluid witlnfrawn contains many leucocytes, of 
'\hich about two-thirds are polymorphonuclear and one-third mono- 
nuclear. One is struck by the fact tliat the trypnnosoiiies are oftc.si 
adherent hy one of their extremities to a haicocytc. The p.-irasites 
aie often seen in (rrocoss of ahsorptirni hy the lencocyles. Tlie 
leucocyte sends out a prolongation shaped like a truncated cone, in 
the long axis of which is .seen a part (either the anterior or irosterior 
end) of the body of a trypanosome. The free part of the parasite 
remain.s quite ngotile, and, if this be the Hagellat<;d end, the llagellurn 
mores about vigorously. The Iciicoeytes of immuiii::af mis, therefore 
land we have made many control experiments with normal rats w ith 
rusultj, engulf trypanosomes. 

I hese observations, made at the moment that the fluid is removed 
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from the abdominal cavity, may be continued in the hanging-drop 
preparations. The engulfincnt of the trypanosomes goes on uninter- 
ruptedly if the slide is placed on a warm stage at 15^ to 20*^ C. unde r 
the microscope, and can be seen after an interval of one to two 
hours. At 37^^ C. the engulfment of a trypanosome is seen to tok«; 
place with great rai)idity. At lirst the parasite is simply adherent 
to the white corpuscle, and it often happens that the trypanosome 
succeeds in getting away again. Sometimes, howevi;r, the leucocyte 
gains the upper hand; it sends out processes all round the trypano- 
some, which in a few minutes is drawn in towards the centre of the 
leucocyte. Here it rapidly loses its characteristic shape, and becomes 
mixed up with the more or less granular protoplasm of the leuco- 
cyte, so that in a very short time it is indistinguishable (see 



Fl<;. 15. Fi^NGULFMKNT OF A Tk Vl’ANdSOMK HV A I,!a*COCVTK. 


Tlu; figure r«prcs<^nts vari(jus stages in the cngulfrnciTt. of a trypamisoine l)y a Unicocyte 
in the peritoneal exudate of a rat, four hours after iiitraperitoneal injciotirui «.»f 
infective blood. A. The free part of the trypanosome is still distinctly motile, hut 
sluggish: the part already engulfed is less distinct than tlic rest of the parasite. 
U. The same' corpuscle at the end of five minutes: the trypanosome is seen merely 
as a process of the corpusck*, the nature of which couhl be easily mistaken if one 
had not followed the stages of the engulfment of the parasite. ('. The same after 
another five minutes: the trypanosome has been completely swallowed up. and the 
leucocyte has resumed its iKjrmal appearance. 


Fig. 15, A to C. which represents successi\e stages, drawn at in- 
tervals of five minutes, in the engulfment of a trypanosome by a 
leucocyte). At a temperature of is"*" to 20*^ C. engulfment takes place 
in a similar manner, but much more slowly (the stage represented in 
Fig. 15, A is very often met with; the conical process is sometimes 
much more elongated). 

To sum up, we may say that the engulfment of trypanosomes by 
the leucocytes is the only mode of destruction we have seen in cases 
of active immunity, and vve have no hesitation in say/ng that this is, 
in our opinion, the only method which occurs.^ 

We wished to iind out, by means of stained specimens, how the 
trypanosomes w(?re digested by the leucocytes. In this we have not 

^ 1 MeXerd docs not agree with this view. (See addition made on p. 69.)] 



‘ TRY PA NOSOMA LE IVISI ’ 


93 


been so fortunate as with the peritoneal exudate of the guinea-pig. 
l^robably the destruction of the parasites occurs very rapidly,* for we 
bave already seen that observations on the absorption of trypano- 
somes in vitro show that the parasites rapidly become deformed. 
Undoubtedly the protoplasm is rapidly digested, and only the nucleus 
and centrosome remain. Inside the leucocytes, especially the mono- 
nuclear, chromatic bodies are often seen, frecjuently a large one 
associated with a smaller one, which we think are the remains of 
a trypanosome which has been swallowed up. 

We have obtained the best results, sh(.nving phagocytosis in vitro^ 
bv mixing together in hanging-drop some exudate (obtained by 
injecting intraperitoneally some fresh broth twenty-four hours pre- 
viously) from an immune rat and blood containing trypanosomes. 
On making smears some hours later we have thus observed several 
trypanosomes beginning to be engulfed. 

The manner in which try])anosomes are engulfed by the leucocytes 
of the rat closely resembles the processes described and figured by 
Sawtehenko for the incorporation of the spirochaites of relapsing 
feviu- by the leucocytes of the guinea-pig.- In that case, however, 
the spirochfetes can be seen a long time afterwards in large vacuoles, 
(Specially on staining with methylene blue inlrn vilam. 'riiese 
peculiarities can 1)0 accounted for by the diffcnuices in the structure 
of trypanosomes and spirocluetes. 

Section 7.-- Passive Immunity. Protective Value of the Serum 
of Immunized Rats. Attempts at Treatment. The Mode of 
Production of Passive Immunity. The Results of Passive 
Immunization. 

It is to Rabinowitsch and Kempner that we owe the important 
disc(.)very that the serum of rats which havc^ received several injec- 
tions of infective blood is protective. In their experiments i c.c. of 
scrum injected into rats, either at the same time as the infective 
blood or twenty-four hours before or after, c()ini)letely protects the 
animals from infection, whereas control rats contract a short infecti^ui 
(four to seven days). The serum of a normal rat, of a rat passively 
immuni/ed, of a hamster infected with trypanosomes (of the 
hamster), and of a dog, did not show any protective power. The 
same is true of emulsions of brain, spleen, liver, and bone-marrow 
of rats w^hose serum was protective. This last observation is inter- 
esting, inasmuch as it creates a strong presumption in favour of the 
leucocytic origin of the protective substance. We have already seen 
that the trypanosomes are destroyed and digested by the leucocytes. 

' On adding niethylene blue, or, better still, neutral red, to a lianj^ing-drop, 
one is struck by the larj^e number of leucocytic inclusions which arc stained : but 
only on two or three occ asions have we seen trypanosomes within tlie leucocytes, 
still recognizable by their shape, stain with neutral red. 

^ Sawtehenko, ‘Archives russcs de pathologic et cle bacteriologic ’ (IVxlwys- 
sotzky), 1900. 
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As to tlie mode of production of this passive immunity, Rabiiio 
witsch and Kcmpner inaki; the very unlikely sugi^estion of i\\\ 
antitoxic action. 7 \ /ru'/.s/, which is so feebly patho^^^enic, is certainly 
not a parasite onij would associate with any toxic action. 

\\"e have repeated the experiments of Rabinowitsch and Keinpner. 
and have conlinned their observation that the serum of rats im- 
munized af^ainst 7 '. has protective properties.^ All our experi- 

ments were made with young rats of jo to 125 gramm(‘S. With 
these rats the infection is always long and se\'ere, and there arc thri.'c 
well-marked stages in the evolution of the parasite. In such cases 
one can easily sec the effect of the inoculation of a serum upon this 
evolution of the parasiti.', even when it does not mitirelj' sh^) the 
infection. 

In our control experiments we used the serum of vari(.)us animals : 
normal rats, sheep, rablnt, horse, and fowl. In most of the experi- 
ments the different serums were mixed in the syringe itself with 
blood containing try4)anosomes, and the mixture was at once injected 
into tlie peritoneal cavity of rats. In doses of o'5 to I'j c.c. the 
vari(.)us normal serums were unable to prevent an infection from 
following the inoculation. 

As to the specific serums, their action varied with the rat furnish- 
ing the serum, and particularly with the number of injections the 
animal had received, t.'sually the serum of rats, which had lx:eu 
inoculated at least live times \vith infective blood, was active in doses 
of 0*3 c.c. when it was injected intraperitoneally mix(;d w ith trypano- 
somes. Under those conditions th(i parasites disappeared from the 
abdominal cavity in from a few to forty-eight lujiirs without under- 
going any development, and did iK»t appear in the jicripheral blood 
at all. f )ur most potent serums wen; furnished by rats which had 
received thirteen and ten injections respccti\ (dy. 

d'hc sermn of the former of these rats was active, u'licii mixed a'///'/ 
fill’ virus, in doses of o*i c.c.; but this w'as evidently tlio minim;d 
d«)se, for the trypanosomes injected took twenty-four hours to dis- 
appear from the jxu'itoneum, and the rat had a very mild blood 
infection lasting four days. In doses of ] c.c. the blood infection 
was prevented, and tin; trypanosomes took only four hours to 
disa|)[.)ear from tlie peritoneum. 

Tiik Action ok 11i-:at ri*(x\ itik Pkotkctivk pKorMCKTiHs ok 
IHK Si: RIM. — Heated for half or three-^iuarters of an hour to 58' C., 
and i;vcn to 64" the serum still retains its protective power; but 
ill these cases larg<;*r d(3ses must br; given, and the destructive action 
on tl'ic [>arasitcs is slow'er. At temperatures of 58” to 64'^ C., there- 
fore, the serum loses part of its pow'cr. When the ,.seruni is heated 
:)8‘' C., its value is reduced to about one half the original, 
and on heating t(.) O4' ('. it is reduced still more.- 

^ l r;mns st.Utrs that ho has also coiitinncd the disrovory of Rabinowitsch 
:nd 

- As \\c h.avc said previously, the serum, before being heated to 64 C., must 
he (iilu’.ed wah an equal volume of salt solution. 



TRYI^ANOSOMA LHIVISI ’ 


95 


Action oi' the Skki-m Unmixed with the Viui s.— 'I'hc seniin 
nlso acts when it is injected sithcnUmamsly at the same time that the 
trvpanosomes arc injected inirapcrilvncLilly ; hut in that case, even 
th()iii;h a much larj^er dose is {^iven, the action is slow, and a mild 
Idood infection follows. Injected twenty-four hours nficv the 
tryP‘inosomes, the serum can stop an infection alri'ad)’ startt?d, pro- 
vided it be given in big doses (r c.c.), hut the trypanosomes do not 
disappear at once. Our experiments have also shown that the 
scrum injechid twenly-toiir hours /v/h/v tlu! tiypanosoines j)revt‘nts 
an infection, but for this purpose it is neci-ssary to use slight I3' larger 
doses than arc used in mixtures of serum and infective l)lood. 

We have also injected tlui S(Tum inliuiptrihiJiLiiliy instead of siih- 
cutiiiiL’vusly in dosi-s ot i c.c., twenty-four and lorU -eigiit hours nftcr 
the commencement of an infection. In all cas(‘s the blood infe(‘ti(m 
was cut short, hut sometimes theiT‘ was a. suhse(iuent ver\- short 
relaj)se. These castes should be looked upon as instances r)f cure 
rather than of pn.:vention, because thii trypanosomes were alread\' 
inimeroiis in the bhxxl, and showed abundant signs of multiplication 
in the pcritoiKunn, particuIai K' in the forty-eight-hour experiments. 

Ati icmi'Ts Ar 'rui-:ATMi-:xT. -We havt- bi;en less successful in our 

attempts to stop an infection in the dec.laiiMl stage. Rabinow ilscli 
ami Kempner have similarly failed, judging by the tbilow'ing sentence 
b»/>. iiL, p. 2(S2) : 'In the case of rats whose blood contained many 
}»arasites, serum inji.'ctcxl intra[)eritoiieallv for a wr.ck sliow'ed no 
antiparasitic properties.’ 

We have tried the effect of serum by injcicting it into rats on th(i 
( ighth day after infection (the beginning of the ihini stagtdi on tint 
thirteenth, thirty-fourth, and fifty-tirst days. On each occasion then.: 
were man\' tiypanosomes in the blood, and in noni: of the rats did 
the irdV’Ction sliow any signs of diminuti(m. 

Some rats received, in several injections, as much as 4 c.c. of 
si'riim from innnniii/ed rats, control rats recci\'ing similar doses of 
serum from normal rats. The results were by no nnxiiis constant. In 
some of the animals the number of trypanosomes diminished in tlu' 
blood immediateh' after the injection, and llie parasites disappeared 
in a fewv days. In others a Ivansitiny diminution in the number of 
tryi)anosomes occurred, and in fresh speeimens the movements were 
seen to be sluggish, with an occasional tendency to agglutination. 
Lastly, in half of the rats treated we could not detect any anti[)arasitic 
action even on injecting 4 c.c. (.)f serum from immuni/ed rats in soim: 
cases. The serum of normal rats never had aii}" eftbet. 

The serum, therefore, has a slight action in some cases, but this 
beneiicial effect is not by any means constant, nor is it rapidly pro- 
duceid. 

We have tried, but iinsncct^ssfully, to treat oui: rats with sodium 
arsenite, trypanred, and human serum, w'liicb all have a decided effect 
iipon the animal trypanosomiases. 
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The Mode oi- Production ok Passive Immunity — We have 
seen in Section 4 that in vilro a specific serum is always agglutinat- 
ing, rarely paralyzing, and never microbicidal. As a rule, the 
agglutinating and preventive properties of a serum develop pari passu. 
Our paralyzing serums had the greatest protective powers. 

Do these agglutinating and protective properties play any part in 
passive immunity ? This is, a priori, hardly likely when the follow- 
ing facts are borne in mind ; (i) Heat affects these properties 
differently ; the agglutinating power is not appreciably altered at 
temperatures below 58'^ C., but has completely disappeared at 64° C., 
whereas the protective power, though reduced one half at 58" C., 
is not entirely lost at 64“ C. (2) Highly agglutinating scrums of 
normal animals (fowl, horse) have no protective power, whereas a 
specific serum, heated to 64° C., whereby it is deprived of all its 
agglutinating properties, is still protective. 

A close study of what happens in the peritoneal cavity proves 
that passive immunity is not humoral in origin, but cellular. On 
removing a little of the peritoneal fluid at varj ing intervals, from 
immediately after the injection until the complete disappearance of 
the parasites, and examining it in hanging-drop and stained pre- 
parations, the following changes arc seen ; 

The trypanosomes in the peritoneal cavity always remain very 
active ; they are never motionless, and do not ajipear altered at all. 
The only thing noticed in hanging-droj) preparations is slight agglu- 
tination of the parasites, which is not surprising seeing that the 
.serum injected is highly agglutinating. This agglutination which is 
seen to occur under the microscope is not to be comp.arcd with that 
described in Section 4, and, moreover, it is always incomplete. 
Lastly, it occurs quite as markedly in the exudate of rats injected with 
certain normal serums which have no protective power, such as the 
serum of the sheep. ctih, therefore, play only an un- 

important part in the protection oj the body Jr om trypanosomes. 

It is not uncommon to find, on first examining a hanging-drop 
preparation, that the majority of the trypanosomes, though very 
active, are closely associated with the leucocytes, and that some arc 
in process of being engulfed by them. On examining the prepara- 
tion for some time, ail the stages of the engulfment of :i very active 
trypanosome by a phagocyte may be observed. The details of the 
process arc identical with those we have already described in con- 
nection With active immunity. 

Stained specimens are less instructive. As in the case of active 
immunity, tire trypanosomes are destroyed very rapidly, and only 
the chromatic remnants — very numerous, it is true— are seen in the 
mononuclear and. less freipiently, in the polymorphonuclear leuco- 
cytes in the exudate.' Passive immunity is, therefore, phagocytic 

' 'I hi? contains two-lhirds polymorjihoniiclears and one-third mononuclears. 



^ TR yPA NOSOMA L li WISI ’ 


07 

ill origin. In active immunity, as in passive, there appears to he a 

sUniuliitioii <^f Iciiciicyit's, 

Rksim.ts of Passive Immunization. — Are rats which resist 
inoculation as a result of the action of :i prophylactic serum really 
immune? We have inoculated all our passivcK' immunized rats 
(luring the second week after ‘ immunization.* About oik; half of 
them were refractory; the others became infected, but the infection 
was always mild and of short duratit)n. MoreoxTr, we have noted 
in tht; majority of these rats that, in hanging-drop or ordinary fresh 
preparations of the blood, the trypanosomes show a distinct tendencx' 
to agglutination, sometimes forming small rosettes. We have already 
referred to this. It follows, therefore, that the agglutinating sub- 
stance inoculated persists longer in the bodx -Ihiids of the rat than 
does the preventive substance. This phenomenon is not absolutely 
distinctive of rats passively immunized ; xve have seen it, though 
xery rarely, in rats xvhich have never received any scrum, but 
Francis states that he has seen it constantly in such cases. 

We may add that the rats xvhich xveue refractory to a scc'ond 
inoculation had nearly alxvays contracted a mild infection after the 
first inoculation xxath infcctixe blood, />///. s prophylactic serum. 
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DIFFEKKNT TR YPANOSOMICS OF SMALL MAMMALS 


Thkkj-: arc a certain number of trypanosomes parasitic in the blood 
of various inaimnals, and apparently not pathogenic. The l)esi 
known of them resemble T. icicki — (i) in strucliirc ; ( 2 ) in that, a> 
willi 7’. Icicisi in rats naturally infectetl, one does not as a rule lind 
multiplication forms in the blood; and (V) in that the*se trypano- 
somes can develop only in a single species or in a small number 
of allied species of animals. 

Such trypanosomes ha\e been met with in the following species 
of mammals : 


UODKN riA 


CuKiKop'i i:k.\ 


InSKC'J IV 

I C \KNIVi 


I'deld-niouse ((iros, 1S45).' 

Mouse (Dutton and Todd, Gambia, 0)04 |?]:- [Thiroux, 
Senegal, i <^03 ; Fricolo, Koine ; Kendall, I ^inama, 1 90b |). 
[IJandicoot (Idngard)]. 

Ral)bit (Jolyetand de Nabias, i-SSi ; Xicolle; I’etric, i‘>o.|.; 
(d-odurgue, Spain ; Dose, I*' ranee, ; Mauca, Sar 
dinia ; iJelleneourt and I'ranva, Portugal, i(ju()|). 
Guinea-pig (Kunstler, o'S.S^). 

1 lamster (von Wittich, iS.Si ; Kocli, jS8i ; (dialadmikox . 

iSSS; lu'd)inowitsch and Kempner, r-'^oo). 
Spermophile (Clialachnikov, jS8is). 

Indian s(|uirrel (Siiiirus palmuvnin) (Donovan), 
l^ormouse {Myoxus^ avclUwarius) ((ialli A'alerio, 1903). 

>> [(iVyru/zs g/A) ( Hrunii^t, i<jo5)). 

Miiiioptcnis scJnrihn'sii (Dionisi, i8<.>9). 

Spc('ies from the Roman Campagna (Sandion; Testi, i«m>2). 
Phyllosiomu (sp. ?) of Drazil (Durham, 1902) | ? ].'• 

Ptciopiis lut’iiiiis of India (Donovan). 

! A/r!'//.v wun'uits (Sergi.’nt, Algeria and Tunis, 1904). 
Vcspcriilio /vz/z/z (Sergent, Algeria and 'I'linis, 1904 ; Xicolle 
and Comte, 19c/)). 

Vci^ptriilio nodula (Ikittaglia, Italy, 1904). 

Vi'speytHio mittereri (liettencourt and b'ranva, I’ortugal, H;05). 
I'rs/rzzz.ee piphircllus (Bettencourt and I'ram^a, l^ortugal, 
i(z»)5; Kisskalt, Giessen, i9(.)5). 

[ Vs/r/7zg<j scroiinns ( Bettencourt arul Fraiu^a, I*ortiigal, 1905). 
/ V/ id veil us pipisiycUus ( I *etrie, 1 91 .) \) |. 

OKA — Mole (Gros, 1845; [Petrie, 1904; Thomson, 1900]). 

KA — Badger (Bettencourt and Fraru^a, I’ortugal, 1903).'^ | 


' *irus, /ii///. Soi. Aw/z/;-., Moscow, First Scries, v. iJS, 1845, p. 423. (Iros 
writes as follows; ‘ I'lie blood of a field-mouse .showed worm-like boilies which 
were ao iiumeroiu: that the? red i:or|uisclcs apjicared endowed with movement. 
The parasites wtac so small as lo he hardly recognizable, wdicn magnified 
400 diameters, 'i lu* blood of moles often presents the same appearance.’ 

TJieso parasites have not been .seen since. 

^ [ It is not (jiiiict certain whether the llagellate seen by Diillon and Todd was a 
trypanosome < -r not. | 

^ ! 1 here i^ somt: doul.it about this observation. See later.] 

* riuaily, Zieinann i/lnV/. f. Scht'lfs u. Tropcnhvi^.^ v. 6, No. 10, October, 
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Section 1. — Trypanosome of the Mouse. 

[T. (Iiiftoni, Tliiroux.J 

Whereas rats in dilTurent parts t)f the world are so lietjiu?ntly 
infected with trypanosomes, mice appeared until recently to he finite 
free from these li;ematozo:i. The discovery receiuly made l)\' 
Dutton and Todd of a flagellate in the Idood of mice (species ?) 
found in houses on MacCarthy Island, in the Kiver (iamhiaj Is all the 
more interesting on this account. 

ddiis flagellate, however, cannot he a tryi>:inosi.)iiie. or, to he more 
exact, a .s])eclcs of the genius Trypuiiosoji/a. 

Unfortunately, it has hitherto only been studied in the living condition. 
It has the foini of a long spindlct with rounded ends, the thinner end 
having attached to it a flagellum a litth' longer than ihd'! body, /(s 
iviihl not see any Iniee of an inulnlatin^f niemtuuine. 'I'hf; llagellnm 
is the only organ of locomotion the animal possesses, as one can easily 
\eiify by watching the inovfMiients of these parasites in a hK)od pre- 
paration. 'I'his flagellum acts chiefly as a piojKdling oigan, hut at tlie 
same time, l^y its whip-like movements, it puslujs aside lh»' red corpuscles 
or other solid bodies which might get in the way of llie body of the 
parasite, which it drags after it. 

ri'ie body is /i long by c- /'- hi greatest width. At al>()iit 5 fi fiom 
the anteri<.)r extremity there is a very refractile spot from which the 
tla.ttellum starts. Other refrae.lile granules e.xist in the anterior half of the 
Ixjdy. 'I'he b(.)dy is flexible, and often takes the form of the letter S. 

Of foiirte(‘n mice examined, three shf)weti the parasite in their bloofl 
but alwa3"s in very small iiumb(as, and the animals were apparently not 
ill- Uifdd-mice in the same locality were free from infection (Lweniv 
examined). 

.\ rat inoculated with infective blood remained free from infection. 

‘ This parasite,’ Dutton and Todd ('onclude, ‘ closel)' resend>l«‘s Hev- 
I'ctfiuona^ {Ltftowoiuis) ////iseJilii (Kent), d'he piddished figures of this 
organism very closely resemble our tlagcllalc, exi ej)t that in the latter the 
non- (ktgcllate end is not so conical in shape.’ I feifetonionas hutschlii 
mhabiis the gut of a nematode {7'n/olais ^^racilis). 

[Thironx- was the first to ili^scribt: a true trypanosome in the 
blood of the domestic, mouse {Mus nnisculiis), and the following 
uecr)unt is taken from 'rinronx’s paper. Tbis tr\paru)some was 
b^und in one out of tliii ty-thrce domestic mice (M. niiisciiln.'^) 
<'aught in .St. Louis (Senegal). Morphologically, it closely resembles 

till.* try|)anosomos of other small mammals rat, rabbit, and 

•‘^‘luirrel.j 


1902) has .seen trypanosomes (in very small numbers) In the lilood of a chimpan/.ee 
in the > r(rnch Congo, re-senibling in appearance the ‘ stumpy ’ t'orin (preparatory 
lo division) of 7\ ^rzo/s/\ with this ditierence, that the IVec llageilmn \va.s a 
‘luarter as long again. 'Die unduhiting membrane was very ea.sily seen, rhe 
‘liter-history of the chimpanzee was not followed. I\;rha])s this was the human 
U'>lJiinosoine of Dutton. 

Dutton and 'J'odd, ‘Trypano-soiniasis Expedition to Senega 11 iljia,’ 
iates Isobar, kefinr/.w v. 5, 1905, pp. 50, 57. 

‘ irhirou.x. A/i/ 7. InsL v. 19, f905, pp. 564-572. J 
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[MoRPiiOLOi'.v. — Examined in the living condition, I\ diittoni is 
seen to be very actively motile, always moving flagellum foremost, 
and often getting out of the held of the microscope. When its 
movements become more sluggish an undulating membrane is visible. 
Wh(Mi stained, its total length is 25 to 30 //, width 2'5 fi. The 
(‘entrosome is fairly large, stains a deep violet by the llorrel-blia 
method, and is 5 f.i from the posterior end. The nucleus is y ] a 
long by 1*6 to 2 /x broad, stains well, and is 6 /x to <S from the 
centrosome. There arc* sometimes tine chromatic granules in the 
protoplasm in the posterior half of the body. Anteriorly the body 
appears to end abruptly about 3*^^ fi from the nucleus, but on careful 
inspccti(^n the protoplasm is seen to be prolongtxl along the flagelluiu 
for a variable distance, which may be as much as 5*6 /o Tlui freer 
flagellum measures 6*6 a to 10 /x, and there is a thin undulating 
rncanbranc: starting from the ccntrosome.J 

[Mur/ni’i.iCA rioN. -Multiplication forms arco seen only in animals 
that are scwercdy infected. Parasites showing binary longitudinal 
fission are then n<jt uncommon, and all stage's of division may be 
seen. Rarcdy multiple division forms with several nuclei and flagella 
may be met with. 'I'he division forms of T. diiiiinn sc'cm in the 
blood of mice closely resemble those seen in rats infected with 
T, Ica'isi,] 

[(T:r/rt’Ui*:s. — In a special medium (a slight modificaticm of that 
of Novy and McNeal), containing i part of bouillon-peptoiui agar to 
2 parts defibrinated rabbit’s blood, ^ Thiroux succeeded in growing 
l\ ilitiloni artificially at 25° to 26° C. (Growth was slow in the first 
three.’ generations, taking ten to fifteen days, but the fourth generation 
sliowed definite signs of growth on the fourth day. 'fhe parasit«: 
evidently takes some time to become accustomed to the altc'ied 
conditions, as Thiroux had previously found to be the caset with 
cultures of 7 ’. puddu-.] 

[The irypanosomt^s develop in zoogUeal masses (of rosettc^s or colonic’S), 
which usualiy llont on the surface of thcj water of concleiisation. (.irowtli 
is scanty in the earlier cultures, but in the lat('r ones these masses are 
much more numerous, and colonies of the parasite, resembling those ol 
B. coli, may evtm de\ elop on the agar itself. Th(* parasites seen in cultures 
are slightly smaller than in the blood. They vary much in .sliape — round, 
oval or pyriform, and fusiform. 'Fhiroux does not agree with Novy and 
McNeai in thinking that these dillerent forms are sexually diflerent, ioi 
all intermediate stages are seen. On staining, it is seen that the cenlro- 
some is anterior to or at the side of tlie nucleus, and that there is no 
undnlaliijg incmhrane. T. diittoni thus resembles T. hunsi in giving rise 
to nerpei’moutisAoxxw^ in culture. Reproduction takes place by binary 
lission or by division into three, hut the commonest is multiple division, 
which gives rise to pretty rosette forms. As in cultures of l\ Icri'm, the 
nagflhi are always directed towards the centre of the rosette.] 

[iNocrr.ATUiN Exuj-kimknts. — r. duttnni is inoculahic into 
domestic mice (. U . jjiusliiIiis), white mice, and harvest mice 

■ (l‘ OV delailu of the preparation of this medium, sec Thiroux's paper, /or. 

Pi>. :o6,. 5^,7.] 
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(A/, minuitis). The incnbtition period is four to nine days, and the 
infection lasts two to four weeks. The infection may be slij^ht or 
severe, but the trypanosome is not pathogenic, and the presence of 
large numbers in the blood does not inconvenience their host. Intra- 
peritoneal injections of cultures of the third and fourth generation, 
fifteen and twenty-five days old, were found to be as efficacious as 
injections of infective blood.] 

['White rats (two), ordinary grey rats (A/, rufhis) (six), guinea-pigs 
(four), and an owl (species ?), were found to be insusceptible.] 

[The l)lo<.)d of cured animals does not agglutinate 7'. dutioiii in 
the blood of mice, 'fhe s|HMitaneous formation of rosettes in 
cultures prevents one seeing whether the bhx^d of cuivil animals 
causes agglutination. Such Idood does not agglutinate Icwisi in 
rat’s l)lood.] 

[It is impossible t‘j say with cea'tainty wlietliei 7‘. duthnii is lli<* 
same as tlu.‘ parasitic seen by Dutton and 'Todd, as these investigators 
studied their llagellate only in the living state, and crmsi!(iuently 
gave incomplete details (jf its structure. 7'. diiliinii is p(,‘culiar to mii:e, 
bat api)ears to be inoculable into all species of mice. In spite of its 
uiurphol<.;gical and cultural resemblances, it cannot be confounded 
with 7'. /ca'/s/, because neither trypanosome is inoculable into tlu- 
otlu.-r's host.] 

i Kemlall' has d(*s<;ribed, under tlu.‘ nanur 7. niiisculi, a trypano- 
some which be found in about 8 per cent, of mice (A/, innsculns) in 
Panama. He says that morphologically, in its great motility, and in 
its mode of divisiem it resembled I\ Icici^i. It was lo fx to ib fi long 
In- y fi wide; the posterior end was pointed, and the nucleus, which 
was round in young forms and more elongated later, was situated in 
the ciaitre of the body. This trypanosome was not pathogenic for 
ihe Jiiouse, and was not inoculable into rats.) 

[T. initsculi is much smaller than 7'. ditlhnn, which is 25 /x to jo/x 
long, so i)Ossibly it may be a distinct species.] 

[Pricolo ■ found trypanosomes in at least forty out of a hundred 
grey mice (A/, musculus) caught in the garden of a laboratory in 
Kome. In its general morphology (total length about. ^5 o( which 
free tlagelhim is about 12 /x), its great motility, and its inoculability 
into white mice, tins trypanosome resembhs 7'. diittiHii. 1 he 
numl)er of parasites in the blood was found to vary from time to 
time. A mihl infection did not seem to incommode the mice. Imt 
Pricolo found that mice harbouring many trypanosomes in the blood 
when caught, usually died in twenty-four or forty-eight hours. Post- 
mortem, there was aiiajinia of all tlui organs and sennis effusion into 
the pericardiurji.] 

[Try{)an<)somes were found in Ileas caught on the infected mice, 
but no developmental stages C(^uld be made out in tliem.] 

’ [A. f. Kendall, y^vz/v/. //(fir. /J/s., v. 3, iyo6, pp. 2 ’8-23 1.] 

■ [A. Pricolo, Ccn//-a/o.J\ Hakfer.., I, Orig., v. 42, Part 3, lyou, pp. 231-23^.! 
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j l'ricolo dfscrib(\s some inlereslini; observations in connection with 
this trypanosome. When fresh blood swarming with trypanosomes was 
allowed to stand for ten hours, nearly all the parasites had disappeared, 
and were replaced l)y rounded or oval bodies, free or inlracorpuscular. 
These l)odies wcrre also seen in stained specimens ; they were mostly 
eiidoglobular, and all stages in the formation of these; bodies were seen, 
Ih icolo regards them as resistant forms of the trypanosome, l)iit it is more 
likely that they were in volution or degener*'iti\e forms than n?sistatu 
forms. 

[bricoio found tlial this trypanosome was able to pass tlirough the 
))lacenta and to multiply in the hetus, the latter showing a nnmlu;r of 
dillcrent forms, which lui considers as part of tlie cycle of development of 
the trypanosome. Among the various miiltiplicaticm forms were some 
undergoing binary longitudinal fission; others in the form of rosettes, with 
the centrosomes towards the centre and the llagella y)ciipheral; tethers, 
again, which seemeil to divide transversely; and, linally, many forms of 
multiple (lixision. In some, the protoplasm had nearly or entirely disa])- 
peared, lea\ing only a n.)ddike rentrosome and a nucleus, which gav(‘ rise 
to forms clost.dy rest^mbling tlic f.eishman body. Tricolo looks upon these 
as phases in tlu^ progrcssi\ (; devedopment of the bodies seen by him in the 
bl(K;d. In addition, he describes bodies of the; nature of oocysts, in the 
interior of wlricii young parasites, with nucleus and centrosome, are 
(leveloi;ed. Holmes* had previously drawn attention to similar forms 
Serai by him in the spleen and other organs in < ases of surra, Moore, ' 
in a cattle trypanosomiasis ob.served in Nigeria, also descTibcs coccus-like 
botlies occurring free in the plasma. After jiairing, they are saitl to in\ ade 
the red corpuscles, in which they become snail shaped. These are again 
extruded into the plasma, and this is followed by the appearance (T many 
trypanosomes in llu; Idood, and by the e.xtrnsion of the Mail-spot’ (.)! the 
paia>iles — apparently the same! as the free coccus like bodies. | 


Section 2. - Trypanosome of the Bandicoot. 

handiciiili, Lingard.''| 

According to Lingard, young and bail-grown bandicoots \.\Iiis 
i.Ycsc/i/a ) g/g<z;z/i7/.s) in lloinbay and tin; Dckkan are. infected witli 
tiy|)anosornt.‘s. 'flie adnlt animals arc not infected. The proportion 
o( infected animals is 25 per cent. Lingard has not shown whether 
tills trypanosome of the bandicoot i.s the same species as that of 
A/, ralliis and A/, clccunuiuiis. It is, however, very likely that they 
are the same, for IJngard infected another species of Xcsukiti 
( \ , piunmlcus) with 7 ', Icwisi, Musk rats {Sorex cwnilciis) and mice 
spictthK) in the sanu; districts are never infected.^ 

\\\c. have seen (p. bff) (bat Lingard succeeded in inftxting 
guinea-pigs with the bandicoot trypanosome, but that the mule, ass, 
ami ral>bit proved refractory. 1'he fact that guinea-pigs died of the 
infect i<>n tells against the identity of 7 '. bandicotli and 7 '. Icudsi.\ 

* [lU^lmcs, ‘ Evolution of T, evansi^' Jonrn, Comp, 17, 

n;o4, pp. 210 .:i.|.l 

*■ [Aloorc. 1904, V. 2, ]). 950.] 

I Un^ard, Indiint December, 190-I, ]i. 445.] 

* I I he above paiagraph appeared as a footnote on p. jCi of llie original.] 
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Section 3.— Trypanosome of the Rabbit. 

[7'. Liiuiciili, Jilanchiird.J 

This trypiinosoini^ was discovered l>y Jolyet and do Nabias in 
It was not rare in Bordeaux, at least at that time, for lliese 
(observers found it in four out of ten rabl)its examined. 

[olyet and de Nabias give a good description of tlu? movements 
of the parasite, l)oth of translation - llagelhim end forenn)st - and 
iu loco. 

They also describe agglomeration of two or three parasites 
joined by their posterior ends, but still showing considerable motility. 
In January, at a temperature approaching zero, tlu.* parasites r(?mained 
alive at least five days in an ordinary slide [)reparalion, the edges of 
the cover-glass having been ringed with vastTmi;. They ap|)e*ared 
to live V(Ty well in rabbit's blood kept at and 42' (*. 



I'iCi. U;. ■ -■rKVl’A\t>S()MI.S M. lutHuS, (»K TflK K\i:iSlT ( IM TIO I k AM) OK Till'. 

IM'IAN S'.jl.:iKKl‘:i. ( I )(>\«>V/\N). 

1. Two y. of .U. r.itiiis. 2. Three irypanosomcs of ilie r;il)l)it (from vl prnpnralion • 
<.if (I. h’. I'cirlc). Two trypanosomes of .Si .’«;//> (from a porparalion of 

J^onoviin). All those irypano.sonies wen* (.Irawn •v\ith thr fimiSit iihiiiii under the 
same maipiilit ation, i,.joo diameters. 

IMood fixed with osinic acid, then dried and stained with 
concentrated alcoholic solution of dahlia-vi<.>let or fu(disine, enabled 
Jolyet and de Nabias to study the structure of the |)arasitti, which 
is 40 fi to 46 f.L long (free ilagelliirn 15 fi) by 2 to 4 /a wide. These 
observers saw the undulating membrane, the nucleus, and pr(d)ably 
also the centrosome, but they did not recognize the intimate relation 
of tlie latter body w'ith the undulating membrane. 

‘The health of the animals does not seem to be affected Iw th(j 
presence of this animalcule, even though it be present in the blood 
in Very large numbers, at least hundreds of thousands, each drop o( 
blood containing more than fifty. It should be added, howevcir, 
that the parasite is to be met with more often in rabbits which arc 
wasted and ill,'Ajr in those which have suffered from diarrlnea, than 
in healthy rabbits.’ 

’ K. Jolyel and IJ. de Nabias, Soc. tfAmti. .7 Physiol, dc Jionltunix, Feb- 
ruary 16, 1891 \ Joiirjt. dc Mt'd. iic /lordc/n(X\ Man h 18. 1901; and Tnivai/x du 
liibor. de A/.Jo/ycl, v. i, 1891, pp. 39-42. 
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Dr. M- Nicollo some ye:irs in Constantinople, described .'i 
trypanosome in the l)lt)()d of cachectic rabbits. This trypanosome 
was kept alive for a consid».irable time in the laboratory by passage 
Ihronj^h rabbits. The inociilntcd animals showed the parasite in 
their blood, became cachectic, and died. The trypanosomes were 
ne\'er abundant in the blood, and only appeared in it at intervals. 
The trypanos(Mne of Nicolle was therefore pathogenic, but, unfortu- 
nately, it has been lost. (Unpublished communication of M. Nicolle.) 

In 1904 Petrie,^ at Elstree, Hertfordshire, found three perfectly 
healthy tamci rabbits spontaneously infected with a trypanosome 
(Pig. if), J) wliich closely resembled T, Iculsi of the rat — (i) in its 
morphology (it is, however, a little smaller, and its post-centrosomic 
end is very sliort and sleauler) : (2) by its agglutination with the 
serum of the horse, i in 10 ; and (3) by remaining alive for at least a 
month in the refrigerator. 

Tile parasite was abundant in the blood of Petrie’s rabbits, one 
of which had the trypanosome in its blood for six months. 

The animals Uen rabbits, three guinea-pigs, one rat) inoculated 
intravenously, intraperitoneally, and subcntaneonsly with this 
trypanosome, did not bccurne infected ; but, nevertheless, this 
trypanosome-containing blood apjKjars to be toxii:, for four out of 
the ton rabbits died, without any .sign of bacterial infection. 

! Although it was in tame rahl)it;s that I'etrie- first found llie irypaiio- 
sornc, further observations have shown that the infection is rare in tame 
rabbits (230 examined, not a single one infected), hut commoner in wild 
rabbits (four infected out of forty examined), l^etric w^as unable to 
tran.smit the infection to tame* ral)l>its or to white rats. He succeeded in 
cultivating the wild-rabbit trypanosome on rabl)ir-blood agar, forms 
similar to those of T. la,nA being obtained., 

[nose’ found a rabbit .spontaneously infected at Montpellier. The 
trypanosome resc^rnblcd that descril>ed by Petrie, but was slightly larger. 
Pose thinks that the centrosome and chromalic proto|)lasmic granules are 
nuclear in origin. I le also iiguies early stages of division and conjugation 
forms, l)ut many of his figures are unconvincing (Mesnil).’] 

■The infeclit)!! conUl nt>t Ik? transmitted to guinea pigs, rats, or to three 
rabbits out of four. 'I'he fourth rabbit had a very mild infection of short 
duration. ) 

I Hettian oiirt and Praiu;a^‘ ft)und rabliits spontaneously infected in 
Portugal, and Maura'' a young wild rabbit {Lfpiis nniiciiliis) in Sardinia, 
'file animai^^ ditl not appear ill. Pettencuurt and PTam;a succeeded in 
infecting tw'o rabliits out of live inoculated intraperitoneally, the infection 
lasting twenty days. Mice, rats, and guinea-pigs were refractory, which 
proves the individuality of T. mninili.] 

’ K. Pctiie, Ccninfli'. J\ Bakter,^ I, Orig., v. 35, January i6, 1904, 
pp. 4S4-486. 

' [ Petrie, yr//)//. v. 5, 1905, J). ^93-1 

■ Bosi;, Arch. f. v. S- 1904, pp. 40-77.) / 

‘ Mesnil, Ji////. I/ist. /'trs/., v. 3, U/)5, p. 144. | 

Bcttenctiiirl and Kranca, A?rh, roy. t/c ]Uutn\ CnDutro. Pcstann^ v, 1, 

I 90 <'>, p. ih/. I 

'* [Mancii, C. A'. Soc. HioL, 60. 1906. p. 494.] 
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Section 4. — Trypanosome of the Guinea-pig*. 

Kunstlcr recorded the existence of this trypanosome in 
without givin.i; a description of it. In tNcjS he gave a figure of it,'- 
hut without any description or context, nor was the inagiiification 
uienlionod. The figure represents a very long organism with a 
muchdblded umlulatiiig membrane extending from one end of the 
Ixxly to the c)tlier. Posteriorly (?) it terminates in a llagelhim which 
is about one-third as long as the body. Anteriorly tln.ue is also a 
tlagellnm quite as long as the first, but wliich does not a]q)ear to 1>(‘ 
continuous with llie undulating rnembram?. In tlu' neighbourhood 
of the anterior extremity there is a small ()val granule, which is the 
only detail of the internal structure of the parasite that Kunstler 
figures. According to this figure the |)arasite is rather a rrypuua- 
pliisDui than a trypanosome properly so called. 

Kunstler writes to us; ‘ It is so rare that I have only f<mnd it in a 
few animals out of, |)erhaps, several hundreds which I have had the 
opjiortunity of examining.’ 

W'e may just n;call thi; fact that we obtained an abortive infec- 
tion with / . IciHsi in iluj guinea-pig. 

Section 5. Trypanosome of the Hamster. 

I 7 ’. nihiiiUi^'itschi, Brumpt;-’ Trvpinio'.tn^n triccli, Lulie..‘| 

This trypanosome, discovered by Koch * ami von Wirtich'* in 
iNNi in the blood of the hamster {(.'yicctns fniuicniavius), has since 
heeii further iinestigated l)y ('halarhnikov^ in itS(SS, and by Rabino- 
witscli and Kempner'^ in iNy(). 

The latter aiitlna's state, without giving any details, that the 
trypanosome of the hamster is morphologically hardly distinguish- 
able. from that of the rat, lait they find that the Iryjianosome of the 
hamsterr cannot multiply in the body of the rat and cue cersii. 'fliey 
eonclude that the trypanosomes of the hamster and rat constitute at 
least two varieties of the same species, if not two tlistincl species. 
1 hey found that several rats which had Ixxm inoculated intra- 
peritoneally with lliii trypanosome of the hamster, but unsuccessfully, 
wore able tf) resist a subsequent inoculatitm with l\ /c.c/so Other 
rats, on the otluir hand, did not acquire an\' resistance to the 

J Kunstler, C\ A\ Acud. Sciences, v. 97, 1S83, p, 755. 

" KunsUer, Ihiii. Scientif, France et Fe/^n/ne, v. 31, p. 2o'>. 

[liriimpt, C. R. Soc. Biol., \. 60, 1906, p. n)2,] 

* f Lulie, in the arlicic on Ifiood Parasites in Mense’s ‘ Hamlbuch dcr Tropcii - 
hianklieiien,’ I90t'4 v. 3, pp. 69-193.] 

Koch. Aliftheil. a. d, kaist ri. Uesnnd., v. i, 18S1, j). 8. 

*' V"on Wittich, Ceniraib. /. medic. IVissenscif., i8tSi. No. 4. These two 
refererices arc taken from Kabinowitsch and Kempner’s pa]jer. 

Chalachnikov, ‘ Researches upon the Parasites of the lihjod ol' Cold- and 
\\ arm-])looiled Aninnls,’ Charkov, 1888 (in Russian). 

^ Rablnowitseh and Kenipner, loe. cif., pp. 275 and 277. 
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T. as a result of a ].»rcvioiis inociilntion with the trypanosome 

ot the hamster. 

Most of the inoculation experimonts with this trypanosome have 
been (lone on rats. Von Wittich inoculated seA cral guinea-pigs un- 
successfully, l)ut as the inoculations were made subcutaneously and 
not intrapcritonoally, no definite conclusions can be drawn from 
these experiments. 

Section 6,— Trypanosome of the Spermophile. 

In the same work in which he speaks of the trypaiiosomc ol the 
hamster, Chalachnikov mentions (p. iS8) having lound in the blood nl 
SpL'niinf>ltiliis niiisiviis an(i of the district of C.-luTson (Soutli 

Russia), a trypanosome which lie regards as being morphologically 
identical with the trypanosoiiKvs of the rat and hamster. It 
measures al)Out t //. wide by ;() fi to .jo fj. or more; long. It lives in 
broth and O’b per cent, salt solution for six days, 'fwiilve per cent, 
of tl'U' speniK.jphiles were infected. 

Section 7.- -Trypanosome of the Indian Squirrel. 

{SrlnritM jmlmftrnm.) 

\1\ iiidii'iiju, Ltihe, loob. | 

We have been able to make a candul stud}' of the adult form of 
this trypanosome, thanks to the ])niparations which Dr. Donovan, ol 
Madras, has been good enough to send us. 

Of eleven S(iuirreJs examined in August, Kpj, two only were 
infected : in one tlie parasites were fairly numcMOus, in the other 
they were scanty. The trypanoscniie of the squirrel is (dosely alli(;d 
to /*. h’ii'isi. In the preparations which werci sent us only those 
forms, which in the case of l\ /rtc/.s/ we call ‘ thin adult forms,’ were 
present : we die! not see a single parasite, nndiu'going division. 

The general sha])e of the body (b ig- ib, .>) is the same as that of 
7'. /raw's/, 'fhe postenior end is a little shorter, but the centrosome 
is ecpially largt; and striking. 'I'lie edge of the midnlating membrane 
is almost straight, and as in T, Ir-L'tsi, and cewntrary to what is found 
in the group Itnicci, it is only slightly folded. 1 he nucleus is 
situati'd nearer the middle of the body than in the Icwisi, in which it 
is anteriorly* places.!. The total length, including llagellum, is i8/x to 
'.io /t, which is a little less than that of L'leisi. Mg. i6, A gives a 
sufficiently clear idea of the trypanosome of the Indian squirrel. 

'I'o sum up, a differenlial diagnosis bet\v(;(‘n this trypanosome 
and /. Icicisi is |>ossible, although the difterences are slight. We 
cannot be sure tint we are dealing with two morpliolcjgically distinct 
spe,cies, for these, differences arc hardly greater thaM those which 
may occur in the same species in different mammals (for example, 
T. brncci in the luuse and mouse). 

l>ut it is vcjiy probable that the two species are at least phynto- 
bKjinlly distinct, like the trypanosomes of the rat and hamster. 
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Section 8. —Trypanosome of the Common Dormouse. 

( iirrHanariHs.) 

[7\ ?iiy<K\'iy Blanchard; 7\ hlnnchnrdi, Brumpt.| 

Grilli'\’alerio' lias rcxcntly seen in the unstained blood of .\/ve.v//.s 
AvahiUiirins, probal)!}* of Swiss orif^in, two specimens of a fl:i;;t‘llatc. 
lie writes thus upon the subject: * 'fhey |u-esent :in eloni^aled body 
^\ilh one of th<*. ends I'oundcd, the other (iid pr<don<(ed into a 
llai^elluni joined to llie body by a thin nieinbraru' sli.ehtly folded and 
motile l)y reason of its nndiilatory niovcnients. The spherit'al 
nucleus is situated t<nvards tlur rounded end of the body. Sonie- 
tinies these two parasites becanK*. shrunken and assumed a spherical 
f«)rni. l)nt one could distinj^nish at the peri]diiay a portion *)f tlie 
nnanbrano and of the lla,i;e.llum. They were about 22 ft. loui;/ 
Galli'X’alerio concludes that the charaf'tm's presented by tlicse 
lla;.;ellales show that they are closely allie‘d to the trv])an()Somes. 

[Bruuipt - has found tivpanosomes in the comriuni dormouse, 
\/ Voun.L^ animals were most freipiently infected; animals 
a year old rarely harbounal the pa.rasit(* and a]>|)(.*ared to be actively 
inununi/ocl. Mc.u'pholofjieallv this trypanosc'ine, t(.) wliich r>rimi|)t 
has i^ivcn the name T. hhuiclitirdiy closely resembles T. and, 

like it, has the nucleus nearer the anttador end.) 

[Alter intra peritoneal injection, the tr\ jianosomes Tnulti[»ly raj)idly, 
and from llu^ third to the eii^hth day multiplication forms, similar to 
tli(>s<' of / . /ra'/.s/, artj seen in the blood. Alter the ei*i:hth day. all 
tli<‘ |*arasites are adult forms, no longer able to divide.] 

i Infected animals do n<>t appear ill. /'. hUincliiinii is not inocu- 
hihl(? intf.) lats. nor /'. Icicisi into the dormouse, j 


Section 9. Trypanosomes of Bats. 

[/'. i'cspcrtiliuiiis, Ibittaidia-l 

Dionisi,"* in recorded the occurreiua; of trypanosomes in an 

Italian bat, Miiiioptcriis sc/ircihcrsii. He found them frecjuently in 
hats infected with iritracorpuscular ha inato/r )a, as well as in healthy 
hats. T(?sti* has also recorded them in bats in the Agro (iros- 
setano. Sambon has recently told us that he found them in two 
Ijats in the Koman ('ampa^ma. , 

Trypanosomes undoubtedly exist also in tlu* small Ixits ot the 
j^enus Pliylloslojuii, occurrint^ in Ih'azil (Para). Durham ' havinj^ 
placed a Slci^oiiiviu Jasciuta with one of these Cheiroptera, lc»nnd the 
hat dead on the following day and the mosrpiilo gorg(‘d with blood. 

^ f ialli-Valerif), Cin/nt/b. f AVX'/r/'., I, Orij;., v. 35, ]). tS5. 

‘ Lbruinpi, Sticntif,, 1905, second semeslre, pp. 321-332.] 

iJionisi, A/fi d. Soi\ p.i^. Studi. di xMahtria., v. 1, 1S99, p. 145. 

‘ K. 'resti. AW/. Soi\ ZooL lUd., [902. ({uoted from the Ccntndld. /. Ilakicr.y 
Kefenite, v. 34, p. 66. 

Durham, ‘Keport of the N'ellnw Fever Fxpeditlon to Para,’ 1900, p. 79. 



io8 TRYPANOSOMI^S AND THE TKYPANOSOMIASES 


In this blood wore numerous trypanosomes, which, according i.. 
Durliam, were different from those of the rat and of nagana.^ 

Dr. Donovan informs us that he has observed trypanosomes ii: 
the blood (>f a large frugivorous bat, Ptcn>pus medium, from the neigh 
bourhood of Madras. The infected animals were not very commoie 
and liitherto Donovan has not been able to find them again or t«. 
send us i)re})arations <.)f their blood. 

[Since then trypanosomes have been found in various othei 
species of bats in different parts of the world. In Vespertilio kuhh 
(U) out of jb infected) and in muriiiiis (7 out of 35) l)y 

hal. and l‘ 2 t. Sergent’-^ in North Africa; in W'spcvtilio noctul.i 
U’ out of 6) by Ihittaglia-* in Italy; in Pipishrlhis pipisircllu^ 15 out 
of 8) by IVtrie* at b-lstree ; in Vcspcni'^o pipistn'lliis (3 out of 40) h} 
Kisskalt at (iiessen in (lermany, and in 2 out of 9 by I'cttcmconrl 
and b'ranca'’ in Portugal: in IVs/)cn7ge SL'n>tinus (t out of 4) and 
\\'spcrlilii> jiiiltcrcri (3 out of 14), also liy Mettencourt and Franva. 
Nicolle and ('omte' found nearly a quartc.r of the adidl W'spcrhlm 
kuhli in Tunis infected ; the young bats were never found infected.] 

[The SergoiUs describe two forms of trypanosomes in bats. A smallei 
one, rather like T. with very pointed ])osteii(jr end. Total length 

20 fh to J.j //, width 1*5 //, free (lagelliim 4 /t to 5 //. Like 7 . Icn'iai, it is very 
motile, the nucleus is rather nearer the anlcaior end, and the cemrosonu* 
is some distance from the posterior extremity, 'fhey call this trypano 
some / . vicoUtoniuK but it may bo the same as 1 \ vcspt'rtilioui^ (Ikittaglia, 
rg<»4), in spite of certain dilforences in the description gi\'on. In two «)t 
the bats (! '. kuhli) examined, much larger trypanosomes (23 // to 30 //. long 
by ft. wide) were seen, in fresh films only. The name 7 . vesper iiliouis 
was given to those large forms, l)Ut as this had been pre\ ioiisly used by 
Jlatlaglia for th(' small trypan(W)me described by him, a now name will 
Inive to bo found, if it l>e proved (iventually that these large forms are a 
dillorent species. 'Pho Sergenls themselves recognised the possibility *4 
these being individuals abmit to ilivide, ihough they say no intermediate 
forms were sc’cm. W oodcock suggests that they may be sexual (female) 
individuals.) 

['I'he trypanosome seen by ikiltaglia, wdiich he ('alls 7 '. vcspcvtiliouis 
(icjoi), was 12 /A to 13 /A long by 2 /a to 3 /a wide; tlie undulating membrane 
leebly developed, no free llagellum, and a large? ceiUrosome (juite at tlu^ 
posterior end of the body.-' Me thinks that 7 ‘. vcspcvtiliouis, as well as 
7*. Icwisi, mullipllos by means of ‘spores’ which originate lioin the 
nucleus by division.) 

' [In the lij>»ht of re(X*nt obs(n‘vations (sec 37). it is quite possible that the 
flagellates seen by Durlunn were parasites peculiar to the inos«|iiito, especially as 
the d(‘scril;)C(t Irypanosonies of bats arc so like T, /cre/j/, and Durham slates that 
those S('eii iiy him weiv; difl’erent from those of llie rat. See noK; by Mesnil, AV///. 
///\V. V. 4, iqoO, p. 606.] 

2 .Sergent, C. A’. Soc. HioL, v. 5*S, 1905, pp. 53 - 55 -] 

'• [IJattaglia, ////;/. di mcd. navale, v. 2, 1904, fasc. 5. ] 

* Petrie, ' • 5 » *')o 5 ? PI>- i9t-20o. | ^ 

Kisskalt, Cenlndh. f. Baktcr,, I, Orig., v. 40, 1905, pp. 213-217.] 

’’ [ lletteneoiirt and Kran<,'a, C. A’. Soc. v. 59, 1905, pp, 3(55 307 ; An/i. 

Z/u/. roy. dc JUxchU-. Ctumira v. 1, 190^), p]). 1S7 194.] 

*' I Nicolle aiid Conne, C. I\. Soc. Biol., v. 60, 1906, pp. 736-738.] 

^ Woodcock, Outv f. founi. Micr. Sc/., v. 5(5, 1906, j>. 292.] 

■' Mesnil, Bu//. /nsl. I\isl., v. 3, k/jJ, p. 286.) 
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f'l'he trypanosome seen by Petrie resembles T, nicolkovnm (Serpent), 
hi the fresh condition it is very active and sliows more contortions than 
7 . kKHsi- In stained films it often assumes a characteristic circular or o\'al 
Ibrm, and hence it is difliciilt to measure accurately. One was 16 /a lonjr, 
includin^^ free ilaj^ellum « //.(see 17, j to ^9. On rabbit-blood aj^^ar 

at room temperature therci were sif^ns of commencing nmlliplication in 
days, but the tube then liecame contaminated.] 

”|Kisskalt says that the trypanosome seen by him was proliably the 
same as I’etrie’s. It was smaller and more slender than 7*. laAsi, and in 
fresh films some of the parasites looked almost likci spirocha'tes. W hen 
stained, the centrosoine was found ([iiite at the posterior end, and seemed 
half out of the body. One of the bats harboured, in addition to the 
trypanosomes, small ring-shaped endoglobiilar parasites containing one or 
niort! chromatin dots, 'fliis parasite was found in eighteen oth(‘r bats. 
Klsskalt was unalile to trace any connection between this ptirasite .and 
the trypanosome.) 

[IJettencourt and Fran(;a originally thought that tlieir trypanosome was 




lofr. i 7 . -'rini’AN 0 S()Mi-s OK THK MoT.K (T liiIM .ANi' J^AT [T . I'csfi ytiUoiiis]. 

(;\KTI;K TiCOMSuN AN'1» 1‘LTK’II..) 

I .'Itnl Trvp.'irinsonios of the mole, with nucleus and centrosonu? compari and sharply 
defined’, in 2 the ])ostorior end is partially retracted (Thomson). y('\ Trypano- 
somes of the bat, shossing freauent coiUovtions of the body (Petrie). 

a new species, and called it T. dionisii, l)ut in their later paper (loc, cii.) they 
come to the conclusion, with which Mesnil agrees, that all the described 
species of Init trypanosomes should be included in a single species, 
/'. Vt'sf^adilwvis, Jkittaglia, 1904.) 

|Nicolle and Comte in Tunis studied, in stained lilms, the two forms 
of trypanosomes described by the Sergents. 'I'he larger form they found 
l(j be 24 /t by 4 /t ; free flagellum very sliort, 3 //. at the most. On account 
of the association or the altennition of tlie two forms in tlie same bat, these 
oliservers think that they belong to the same species.] 

[These trypanosomes appear to be non-pathogenic for l/ats, ami are 
not inoculable into rats, mice, guinea-pigs, or rabbits. Nicolle arul 
Comte succeeded in only one out of twenty experimental inoculations 
into healthy bats.] 

[The carrier of the parasite is unknown ; Kisskalt examined two 
fleas and many mosiiuitoes with negative result.s.] 

( We may mention here that Laveran ‘ inoculatcxl a bat, Plcropiis 
nicdius, subcuftineously with the Mauritian surra trypanosome. The 
bat became severely infected after live days' incubation, and died 
nine days after inoculation — th.at is, sooner than the average rats 
and mice inoculated with the same virus.] 

^ [Laveran, C\ A\ Soc, HioL^ v. 58, 1905, p. 8.] 
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Nicolle and Comte ^ injected two bats {Vcspcriilio kithli) intni- 
peritoncally with the trypanosome of dromedaries in Algeria (sic 
Cdiapter VI.). The bats became infeettid after an incubation ol 
two days, the trypanosomes were most numerous at the end of fo»ii 
days, and disappc?ared after six days. The bats died in eighteen 
anti twenty-two days (iiniloubtedly through captivity) without agaiii 
showing trypanostuiies in their blood. A control rat, inoculated a; 
the same tinui as the bats, died of trypanosomiasis in thirteen days.j 

Section 10. -Trypanosome of the Mole. pValim 

\Tr\pcui(tS(niui lalpu', new species.] 

[Petrie,- at Plstree, found six out of twenty moles infected with 
trypanosomes. Thi*}- were always scanty in the l)lood, and in sij^'o 
and form resembled 7 '. /cre/.s/. Satisfactory stained ])reparations 
were not obtained. A white rat was inoculated intrapiaitonealK- 
with infective blood, but was refractory.] 

[Thomson/* in May and June, 1906, found trypanosomes in thri t* 
out of fourteen moles examined at Klstreo. All thn^e moles 
harboured in addition intracorpuscular parasites, but this may havt; 
l.)een merely a coincidence. Thomson was more succosstul than 
Petrie in obtaining stained specimens of the* parasite. Only adult 
forms were seen, and they were fairly uniform in si;:e and shape. 
The most striking feature of this trypanosome is the long, pointed, 
proboscis-like posterior end, looking sometimes almost like a pt)sterior 
Hagelhnn. The nucleus is relatively small (2 ijl long) and lies close 
to the Neutral bordtjr. There appears to be a narrow, slightly- 
folded undulating menrlirane (see b'ig. 17, / and 9. The average 
dimensiims are as follows: Total length 2 y'(> /x, free llagellum 5*2 /a, 
post-cetitrosomic end 9\^, /i., greatest width alxait j*5 /i. Intra- 
peritoneal inocdlation into a white rat and attempts at cultivation 
|)roved unsuccessful, j 

[This parasite of the mole appears to be a new species, for which 
1 propose the name Trypiiinisojihi /(ilpu\] 

[Section 11. — Trypanosome of the Badgrer. {Mrirs faxus.)] 

\T, pL'stajuii, Bettencourt and lTanf;a, i<)05.| 

[This trypanosome was found by Bettencourt and hVanya'* in 
t’.vo badgers iMclcs tuxiis) out of four examined from the neighbour- 
hood of Ciutra. Portugal. It is 30 ft to ]2 fx long by 5 /x to 6*5 fx wide, 
and is therefore relatively stumpy. The posterior extremity is long 
and thin, the ceiUrosome being a considerable distance (ro fx) from 
the tip. There is a well-developed and actively ma'^ile undulating 
membrane. The infected animals seemed quite well.] 

’ |Nl» olle and ( ’onitf, C, K. ^oc. BioL^ v. 58, i‘>o5, pp. 245. 246.]; 

® foi\ c'i/., p. ie4-l 

•' rj I). 'rhoins.»a,y*>/////. //vi/., v. 6, 1906, pp. 574-579.] 

‘ Ut;i'cnrcuil';iiul t'lain.a, ^/r//. B/s/, n>j\ Bttc/, Gf///. Pcs/., v. 1, 1906, 
PP- / )-7S ' y>/W., V. 59, 1905, pp. J05, 306.] 
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NAGANA AND ALLIICD A 1 RICAN DISJCASICS 

HisroKicAi. Kk\ ii: w and Gk()(;rapiiical Distriim tion of Na(;ana, 
AND oi- Till-: Allii:d Ai-kicax Tkvivvxosomiasfs 

MisTOUirAi.. Na^^mia, or the ily (lis(.‘risc,* says l>ni(aj,‘ wlio clis- 
cuvi:red its parasite, ‘is a specific disease which ocenrs in the horse, 
mule, donkey, ox, d(% cat, atid many other animals, and varies in 
duration from a fcAV days or weeks to many months. It is invariably 
fatal in the horse, (lonkey, and dog, but a small |)ercentage of cattle 
reco\(r. It is characterized In* fever, infiltration of coagulable 
lyni|)h into the subcutaneous tissue of the neck, abdomen, or 
extremities, giving rise to swelling in these regions, by a more (U* 
l**ss rapid destructi(.)n of the red blood-corpuscles, extreme emaciation, 
often blindness, and the constant ocenrrenee in th(j blood of an 
infusorial parasite ’ -a trypanosome. 

The excellent ?etiological and experimental study made, by Hruce ’ 
in /ululaiul will remain tlur fundamental w(jrk upon the subject of 
nagana. 

An infected dog was sent by Bruce to ICngland in November, 
This was tlu* starting-point of the researches of Kanthack, 
Durh.'ini, and Blandford,'* which were carried on first in London, 
then in ('ambridge, from November, 1896, to August, A 

resume of this joint work on the tsetse-Hy disease was published at 
the end of iSqiS. It contains numerous interesting I'xperimental 
facts. It is to be regretted that the complete- work has not 
apj)eared. 

Plirnmer and Bradford*’ cemtinued these researches in London, 
and occupied themselves mainly with the morpholog}* of the 

* David lirine, ‘Preliminary Kcporl on the 'Psotse-Kly Disca.se, or Nagana, 
m Zululand.’ V'boinbo, /ululand, December, 1895. ‘ Kurtlier Rerport,’ eic:., 

I bombo, May 29, iiSgb; I.ondon, 1S97. Nagana is a Zulu word \vliich,acc()rd- 

to alludes to the state of ileprc.s.sion and weakness of the sick animals. 

“ Kanthack, Durham, and Blandforcl, Proi. /uy*. NV//., v. 64, 18918, p. nx>. 

' IMimmcr and Bradford, Prot. Koy. .S/v , v. 65, p. 274; Ci nfrnth. f. 

P'tkirr., I, V. 26, 189*;, 1). 440 ; and Qu.trf. Joiirn. J//V;-. .S'. /,, \ . 45. Februar\ . 
1902. 
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h«?mato/oon, which they called Trypanosoma bracdi' (iSgq), aiiil 
with its distribution in the bodies of infected animals. 

It was also the Ziiliiland parasite, for which we were indebted tu 
Miss Florence Durharn and to Dr. W. Mitchell, which we used in 
the scries of investigations which we havtr carried out upon 
'Trypanosoma hrnceir 

Nocard used the same parasite for the experimental demonstration 
of the non identity of nagana and dourine,-^ and for his inoculation 
experiments with cattle and sheep, and it was this parasite again 
which Novy and McNeal used for their cultivation experiments.* 

At the present time the study of this try|)anosome has advanced 
more than that of any other pathogenic trypanosome, and it may 
therefore serve as a typo. 

The nagana of Ziiluland, or an allied discasi^, occurs in many 
other [iarts of Africa. Us existence, as vve shall see later on, is 
associated with that of the tsetse-ily (genus (Possina), or, more 
accurately, with that of one or a few species of that genus. It is 
mainly, therefore, in the terrible accounts which explorers in South 
and (Central Africa have given us of the ravages caiis(.‘d by this Hy 
that it has been necessary until quite recently to study the distribii' 
tion of the group of diseases with which we are dealing. All 
references to the tsetse-flics in these accoimts have been analy/(Mi 
and collated in the excellent mcuiograph by Austen called ‘ Moiu^graph 
of the Tsetse-l'lics,’ from which we shall have occasion to (juote 
fre(|uently. 

Since the discov<Ty by lirnce of a trypanosome as the causal 
agent of nagana, the microscope has helped materially in the 
elncidati«)n of these ‘ fly diseases,’ and at the present time papers 
ujxui the microsco|)ic examination of the blood of sick animals 
and experiments upon laboratory mammals are becoming (juite 
numerous. 

We may mention the works of Koch"' upon the trypanosome of 
German East Africa; of Theiler^' upon that of the Northern Trans- 
vaal ; of Unnnpt^ upon that of Ogadeii ; of Schilling,^ Ziemann,'* 

' [IMiinincr and liradford spelt it hiich\ but Laveran and Mesnil state that, 
according tu the rules of noiiienclaturc, the spelling should be brucci\ wliich is the 
form used by most authors.] 

^ Luvemn and Mesnil, C. A*. Soi. Bio/., March 23, 1901 ; A/tn. hn/. Past., 
1902, V. 16, pp. 1-55 and ; and Bull, Acatl, Mod , June 3, 1902, p. 646. 

Nui .aid, C, 1 \. Sno, Bio/,, May 4, 1901. 

* Novy and McNeal, Amcr, Med. Assoc., November 21, 1903; and 

Journ. Jitjec. Pis., v. i, 1904, p. i. 

•' Koch, Be /seller /r/i/t\ etc., Berlin, 1898, pp. 65-72, 87, 88 ; and Deutse/i. 
Ki>/onixil/)latt^ No. 24, 1901. 

Thcilcr, Sc/i\oe/zer Areh/v f. Thier/ie/lkumie, v. 43, 1901, p 97. 

^ Bnimpt, in Blanchard, Bull. Acad. Med., Third .Series,, v. 46, October 29, 
n)oi ; and C'. A*. Soc. Biol., April 23, 1904, p. 673. 

Schilling, Ccnlralb. f. Baktcr., I, Orig., v. 30, October 30, 1901, p. 545 : 
V. 32, April 16, 1902, p. 452; V. 33, January, 1903, p. 184 ; anti \Arl>. a. d. kalserl. 
Gesnnd., v. 21, 1904]. 

•’ /.iemann, AW/, kiln. U 'ocli., October 6, 1902, p. 930; \Central 0 .f. Bnktcr., I, 
(■'rig., 3S, i.ps]. 



NAGANA AND ALLIED AFRICAN DISEASES 


113 


and Martini’ upon that of Togo ; of Dutton and Todd - upon that of 
horses in the Gambia; and of Broden‘* upon that of tlie Congo.* 

But a new question has arisen : Do all these ‘ fly diseases ’ of 
different parts of Africa constitute a single morbid entity, or is there, 
rather, a group of diseases closely allied, but each one possessing its 
own individuality ? This question is far from being answered, but one 
may say that a priori a large number of facts point to a |)lurality of 
tly diseases. There are, on the one hand, the variations in virulence 
of the trypanosomes of different countries, and, on the other hand, 
the experimental proof which we. furnished in June, 1^03, that surra 
and nagana, which were very generally considered to be identical, 
are really two distinct diseases. 

Indeed, we must already consider the trypanosomiasis of horses 
in the Gambia, discovered by Dutton and Todd, as a separate morbid 
entity : its trypanosome has special morphological characters, and 
experiments to which we shall allude later on prove that animals 
iminuni;5ed against the nagana of Zululand arc susceptible to this try- 
panosome. A special chapter will be devoted to this trypanosomiasis. 

As to the other trypanosomiases, we shall for the present include 
in one chapter all the African epizootics of Equidai and of ruminants 
due to trypanosomes, of which the occurrence in a district appears 
to be associated with the presence of tsetse-flies, or possibly of some 
other biting insect, and of which the individuality is not yet estab- 
lished. But in the experimental, morphological, and biologictal 
study which we shall make of the trypanosomes of these different 
epi;'ootics, we shall consider them separately according to their 
origin. 

(TiiO(;KAPHu:AL DiSTiuJUJTiON.’*'' — Let us examine in order the 
river basins of East and West Africa. Nagana, properly so called, 
exists in Zululand, particularly in the low and humid regions, where 
malaria also occurs. As we have already said, it was there that Bruce 
studied the disease. Cape Colony, Natal, Transvaal, and Orange 
River Colony appear free from disease, except Northern Transvaal, 
where Theiler studied the disease. All the countries around the 
Transvaal to the north, east, and west are infected (Bechuanaland, 
Matabcleland, Mashonaland, Mozambique). [Theiler^* writes (1905): 

‘ In South Africa nagana has become a negligible quantity. It 
exists only in certain districts, not numerous, in Zululand and' 
Rhodesia. The Transvaal and the coast of Delagoa Bay have 
become free, which is principally due to the ravages of cattle plague 
for several years ; as a result nearly all the big game is destroyed.’] 


^ Martini, Zeitsc/ir. f Hyg,^ v. 42, 1903, pp. 341-350; Jjeutschf medis. IVochen- 
I 903 ^pp. 573-575 5 v. 50, 1905]* 

- Dutton and Todd, ‘ 'rrypanosomiasis Expedition to Seneganibia * ; 
toid rhompson Yates Labor. Reports^ v. 5, 1903. 

JJmdcn, Ihtli. Soc. i^tudcs colon.^ February, i<;H 53 , and February, 1904. 

I . [ tbe more recent investigations upon the trypanosomiases of various parts 
Ainca arc considered in detail in the second part of this chapter.] 

« rr£ on map, Fig. i, p. 4. 

I Iheiler, Bull. InsL PasL^ v. 3, 1905, p, 663,] 
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Foi^ has f^iven a good account of the distribution of nagana or, 
the road from Pretoria to Lake Nyassa. Alrtjady before him the 
English travellers Sir W. C. Harris (iiS3g), Gordon Cumming (1850), 
and James Chapman (1869),- had given excellent accounts of the 
presence of the disease in the basin of the I^impopo, and of its 
course in cattle and horses. 

l-'urthcr north, in the basin of the Zambesi, the disease has been 
known for a long time, and it was there that it was observed by 
Livingstone,'* w'ho described it with a precision truly scientific 
and remarkable considering the time he wrote. Judging from the 
enormous area occii|)ied by the tsetse-fly, the disc'ase must be very 
widely spread in that rcigion, as it extends along the western shore of 
Lake Nyassa. The flies are also very abundant all around Lake 
Tanganyika, and in the valley of the Luapula, which flows towards 
the north and empties itself in Lake Moero. 'I'his n^gion will be 
referred to again when s[)eaking of the l>elgian C'ongo. 

In (hirman East Africa the nagana of cattle and its gi.'ographical 
distrihutinn (vallty of tlu‘ Kuaha, etc.) have b(H:?n closi'ly studied in 
recent years, continuing KoclTs researches of 1807, by Schmidt, 
Stiihlmaiin, Sander, Knmmer, etc. (see the secoiul j)art of this 
chapter). !Ochmann‘ has rc('.enlly described a s|)ontaiK;ous try|)ano- 
sorniasis of pigs in German East Africa. This is tlu.‘ iirst time that 
a natural infection in pigs has been observed. It is as yet uncertain 
whether the diseasi.^ is nagana or not. | 

In Ih'itish ICast Africa, according to Stordy, betwecai Mombasa 
and the Victoria Nyan/a, the ‘fly belt’ commences about one-third 
of tli(.‘ way from the coast. The same observin’ has recorded the 
existence of nagana on the island of Mombasa.'* 

Uganda is relatively free.*' However, l:h'uce, Nabarn^, and Greig 
have recently . discovered in Entebbe, on the shore of the Victoria 
Nyan/a, a diseiisi; in cattle due to a trypanosome. Unlike the 
tr\panosomc of nagana, it was not patliogenic for the dog. The 
trypanosome of this epizootic is likewisi^ different from that of 
gal/iekte, for Enice, who knew this trypanosome well, saw no 
resemblance between them. 

1 Voa, ‘ T)u Caj.) au T,at: Nyassa,* Paris, i8«;7. 

- J. Chapiiuin, ‘'fiavcls in the Iiileiioi of South Africa,* Lomlon, i86cS (ijuotetl 
from Austen). 

■* l.ivingstoiie, ‘Missionary 'rravcis and Researches in South Africa,’ first 
edition, iSv ; ‘The Last Journals,’ London, 187.1. 

■* l Ochinann, AV//. '/Vt'rar;'//. iVocheuschr,^ *9015, No. ly, pp. 337, 338. T'hc 
animals were brought down from the cool uplands of Usanihara, tierman East 
Africa, to the hot coast districts, wlien sc.veral became ill and died. Five of 
the pigs looked very ill and were unable to stand ; the respiration was hurried and 
there was high fever (105-8 K.). In three of the five animals many trypanosomes 
w(ue present, .and in one the spleen was much enlargetl thb day before dccath. 
'I’he tiypanosomc was very short and broad, and had a very short flagellum. M 
this should prove to be a now species, Ochmann suggests the name ' 1 \ .s7/zj.J 

'• Sturdy, The Veterimoiav^ v. 72, January, 1899, PP. 11-20, and June, 1899, 
PP- 

*'• priie later ob.servations of Nabarro and (ireig in Uganda show that animal 
t /pai.osomiascs arc more prevalent there than was at first supposed (sec 
.Section 8, second part of this chapter.)] 
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In the country of the Somalis and the Oallas fly disease's liave 
been recorded at diftbrent times (Donaldson Smith in TS94, Prince 
Ni(‘liolas D. Ghika in 1898), especially alon;^ the banks of the River 
Wcbi-Shrobcli. In the same country, in the district of O^Mden, 
Hrnnipt, naturalist of tlic mission of the Houi4( of Hozas, observed 
an epizootic due to a trypanosome amoni^^st the camels of thi^ 
mission. This trypanosome is said to be carried by tin.' Gh^s^simi 
li>ni^ipLiiJiis, Tlie Somalis call this camel disease, as well as the fly 
which conveys it, Aiiw. [Theiler'^ has also recorded the pr(‘sencc' of 
this epizootic in thirty-four out of thirty-six camels tliat were brout;ht 
from Somaliland to Pretoria.) 

Our knowledge of these diseases fiirtlier to th(^ rnn th is much less 
exact, but is being gradually extended. 

Agatarchides and James l>nice have roconled the presence of 
(lies, probably tsetse-flies, in Abyssinia. During the Knglisli (.\|)edi- 
lion in Abyssinia (1867) a large number of the horsi-s died. Th(‘ 
vtderinury surgeem, llallim, who afterwards went to India, was struck 
by till' liki-uess of this Abyssinian epizootic to surra." 

According to Savoure, in a recent paper in the/(»/'n/u/ d Ai^n'calliirc 
inpitnh'j surra occurs in cattle in Abyssinia. The diseasi? ap])ears to 
have been imported from Mombay by th(.‘ Italians. It is therefore 
|)Ossible that in Abyssinia and Ogadeii the trypanosomiasis is surra, 
and not nagana. 'I'hat is not the 0]>inion of Ihaimpl, who ihinks 
th:d. this disease is the same as that occurring in tlu; ] uba X'allc?}' and 
in ICast Africa to the south of Juba KiviT. lli* ba.sos bis o})iiiion 
u[>on the commercia,! relations of Ogaden with these regirms. 

! Memino, Martoglio, and Adani** have descrilnal a trypano.sorrrc 
(’pizo(4ic, particularly virulent for cattle, sheep, aiul goats, in 
Prythrea., the Italian colony along the sonth-wtjst slune of tlie 
Red Sea. (juinea-pigs, rabbits, dogs, and monkeys appear to be 
relra(.ti;»ry to this tryjKinosomiasis, which in this and other lespecis 
resembles Iht' disease described by (aizalbou in the P'reiich Sudan 
(Haut-Niger, see later) under the name Sifiuini.l 

[I’alfour^ and Head ' have described try|)an<)somiases amongst 
donkeys, mules, and cattle in the Anglo-Pgyptian Sudan. Those 
are possibly the same diseases as those recorded l)y Naharro and 
Greig in the animals in IJgaiida.J 

Finally, we may cpiote the opinion of Wcstwo(;d, tliat the tsetse', 
extending beyond its ordinaiy limits, gave rise to the fourtli plague 
of the Egyptians. ' A host of very dangerous flies came into the 
houses of Pharaoh, of his servants, and all over I'-gypt ’ (lixod. 

' L'l’lieilcr, iiicd, ir/t'r., v. 7, i9or», p. 298,] 

^ lirumpt thinks it w.'is horse plague, and not a trypanosomiasis {Soc. 

Apnl 23, 1904, p. 675.). 

l iUcMTimo, Martoglio, and Adani, Atm. ti^Igicnc Sper.^ 1905, pp. *-46.] 

\ L^hilfour, Hrit. Med. Jouni.., 1904, No. II,*pp. 1455, 1456 ; Edifi.Med, Jouni.^ 
iN.h., V. 1 8, 1905, p. 202 ; Joitni. Path, and Baet..^ v. it, 1906, p. 209. ] 
lilciul, /onrn. Conip. Path, and Therap.^ v. 17, 1904, p. 206.] 
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viii. 24). The fifth plague, the murrain of animals, would thus have 
been the result of the fourth.^ 

We shall now examine the distribution of the fly diseases in the 
river basins of West Africa. 

Exact accounts of the existence of nagana in the Congo Free 
State are still scanty. Bruce refers to Schloss on this point. 
Broden (loc. cit,) has published observations upon trypanosome 
epizootics occurring amongst cattle, sheep, and donkeys on farms in 
the Free State around Leopoldville.’ 

At the south-eastern extremity of the Free State, in the district of 
Katanga — that is to say, quite in the interior of Africa — the presence 
of the tsetse-fly has been recorded by different explorers.^ These 
flies were said to be quite harmless to cattle, donkeys, etc. ; but 
a little further north, in the neighbourhood of Lake Moero, 
Drs. Ascenzo and Derclaye have recorded a great mortality amongst 
cattle and donkeys. All these observations, however, lack scientific 
precision. 

In Cameroon, ‘‘ Ziemann has noted the existence of trypano- 
somiases along the whole shore of the German colony. Cattle, 
sheep, goats, donkeys, horses, mules, and dogs are attacked. Accord- 
ing to this author, the trypanosomes differ more or less from thost^ 
which he observed, in Togo in previous years, and the trypanosomes 
in the blood of a sheep were specifically distinct from the trypano- 
somes of Togo. 

[After a more extended study of the trypanosomiases in ( 'ameroon, 
Ziemann*'^ has come to the conclusion that, in addition to nagana, 

* Westwood, quoted by Laboulbcnc, art. ‘Tsetse’ in llic * Diction, encyclop. 
des Sciences nnSdic.* 

“ Broden .saw seven head of cattle of the lierd .succumb to na^^'lna (a 
trypanosome morphologically almost identical with that of Jiriice). He used the 
blood of a cow to infect a goat, which still lives ; the trypanosomes are numerous 
in ii.s blood, and the temperature is raised frccjuently to 41 •5'^' C. (lof/' K.). On 
the same farm Broden saw two sheep die with trypanosomes in their blood. These 
trypanosomes were only 10*5 ft to 15*5 ft long by 17 ft to 2*5 ft wide; the flagelliun 
had no free portion. Broden suggests the name T. cvut^o/cftse for this trypano- 
some, which he thinks is a new species. These trypanosomes killed a macatpic 
monkey in twenty-five days and a guinea-pig in twenty-six days. In the monkey 
the trypanosomes presented a pleomorphism with forms identical with those of the 
sheep and others, 20’5 ft long, with free fiagclluin. 'J'he trypanosome in the guinea 
pig appealed to dilTer hardly at all from T. brucci ; the validity of the .species 
con^oiensi is, therefore, somewhat questionable. ()n the same farm a young 
donkey contracted a trypanosome infection, the parasites resembling those fouiKl 
in the sheep. [In a later ])aper {lUilL Acad, roy, 4lh scr., v. 20. 

1906, pp. 387-416), Broden retains the name T, congolcme provisionally. Since 
writing his earlier paper, he has found trypanosomes in Bovidai in Stanleypot>l 
and the region of the equator, and in dromedaries in Txopoldville. AH the 
trypanosomes were similar to those previously found in the sheep and donkey. 
Mesnil {Bull, Jnst, Pasl,^ v. 4, p. 1026) thinks that the trypanosome is T, dimor 
phon,'] 

C^'iptain Lemaire, Bull. Soc. beige Gcogr. Commerc,^ 1900. Letter from the 
Secrelary-Cieneral of the Department of finances of the Congo Free State, 
June 20, 1903, and Letter from the President of the Special Committee, Katanga, 
l)ecember 19, i()o2 (communicated to one of us). We have examined the flies. 
They are Gloxslun mo 7 ‘sitans and Gl. longiptilpis, 

' Ziemann, Deutsche medis. VVochenschr.,^ 1903, April 9, p. 268 ; April 16, p. 289. 

[Ziemann, Centralb.f. Bakter.^ I, Orig., v. 38, 1905, pp. 307 and 429 . 1 
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which is mainly confined to the hinterland, there is an infection very 
prevalent along the coast and in the river valleys, due to a trypano- 
some, which he calls T. vivtix, on account of its extraordinary motility. 
This trypanosome is morphologically much like T. evami, tlu! parasite 
of surra, and Ziemann agrees with Laveran and Mesnil in thinking 
that possibly T, vivax may be the same as 7\ cvansi, but is a species 
distinct from 7'. hrucei.] 

[The fly diseases in Cameroon have also been studied by Diesing,* 
who attempted to immunize cattle against nagana, and was to some 
extent successful.] 

[In 1903 Zicmaiin {loc, cit,^ p. 314) found a trypanosomiasis pre- 
valent in Lagos amongst the domestic animals, the horses often 
dying of the disease.] 

In i8(j9 Christy recorded a trypanosome epizootic amongst horses 
in Upper Nigeria.- 

Likewise Hewby has noted the existence of a disease which 
appears to be nagana along the north bank of the river Benue, in 
Northern Nigeria.-* It was caused by the GL palpalis, and attacked 
horses (which died in from three to ten weeks) and cattle. The 
disease is caught solely during the rainy season. 

[W*. h\ (lowers^ caught many specimens of tsetse-flies (67. movsiUnis) 
near Yola, on the bank of the River Loko, a small tributary of the Benue. 
The local natives all agreti lliat cattle, horses, and donkeys are killed by 
the bite of the fly, while il is harmless to sheep and dogs. ( lOwers adds : 

‘ 1 lancy that the tsetse-fly will be found to be pretty well distrilnited 
Ihroughoiit the southern f)ortion of Northern Nigeria.’ The same observer 
found 67. tticliinoides along the Benue River, between l^au and Lokoja, in 
Northern Nigeria, and states that, with the exception of one or two small 
spots, no horses or cattle can be kept in this area. Above Lan, however, 
the river banks swarm with cattle, especially in the dry season (October 
to April), Avhen the lly is scarce.] 

[In Southern Nigeria, Moore'’ has observed a fly disease in cattle 
which presents certain [)eculiar symptoms not usually noted in 
nagana.] 

^ [Biesing, Arc/i,/, Sc/tiJ/'s n. Trap, 9> *905i PP- 427-43 *1 

“ Appendix 1 1 in Austen’s monograph, ]). 310. 

' In Dutton iind I'udd, ‘ Trypanosomiasis Kxpedition to Senegambia,’ p. 44. 

■* [Sec ill Austen, ‘Supplementary Notes on the Tsetse- Flics,’ />>//. Med. 
JoitnUs September 17, 1904.] 

’’ [Moore, Jjincct^ 1904, v. 2, p. 15. 'fhe following symptoms were noted: 
Diminution of milk, unwillingness to eat (due probaldy to a loosening of the 
teeth), running from the eyes, and puffy swelling of the legs. I'lie animals had 
difficulty in passing urine, ‘hunching* themselves, and ‘■training very miu h during 
the act. The flow of urine was iniermillent, suggesting loss of contractility of the 
bladder. They wasted rapidly ; the lymphatic glands rapidly enlarged ; there was 
moderate intermittent fever, and during the early stage the respiration was in- 
crease^d and there was a dry, hacking cough.] 

[After a supervened, deepening into profound slumber, which 

lasted ilnrty-six hours, and ended in death. Most animals, ho\yever, died before 
the sleepy stage from obstinate constipation and retention of urine (tliie probably 
to paralysis of intestine and bla Idcr). Trypanosomes were found in the blood by 
Chichester, and one animal showed numerous and active spirochictes. (For the 
appearances described by Moore in the blood, see p. 103). Fowler*s solution 
by the mouth did no good, but hypodermic injections of (alkaline) sodium arseniate 
gave good results.] 
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In Togo the existence of epizootics due to trypanosomes was first 
established by Koch^ in 1895 by the examination of blood-films 
which had been sent to him. This epizootic was studied with the 
greatest care by Schilling {loc. cit.), who has written about it in three 
papers, to which we shall have occasion to refer later. There are in 
Togo tliree species of tsetse-fly, of which (iL morsitam is one, hut 
neither the flics nor the disease exist at the coast, both being con- 
fined to the liinterland. The epizootic of Togo has also been studied 
by Ziemann (loc. cit.) j and by Martini,-’ and Laveran and Mcsnil '^ !. 

[Ziemann states, in his paper already referred to, that 'Schilling 
has in Togo . . . in addition to the ordinary 7 *. bnicci^ rediscovered 
the parasite 7 *. vivnx,' which Ziemann had found in the ('anuaonns 
in 1905, and had already differentiated from 7 '. hntcci. Schilling 
thinks that 7 ‘. is not distinct from 7 '. and that all tlie 

trypanosomiasc's in Togo are nagana. Laxa^ran and Mesnil havi? 
recently (onchided fn^iii their experiments on seniin diagnosis that 
Schilling’s Togo virus is probablv not nagana, and that Martini’s 
Togo virus is probably neither nagana nor surra. J 

I'he iM-ench veterinary surgeon Cazalhoii lias rt‘C(Uitly noted that 
tlic region of the llani (a big tributary of the right bank of the Niger) 
is badly infected. According to native rej)«)rts, it is impossible tci 
keep alive any domestic' animal along thc^ banks of this river. Four 
horses taken along the banks of the l>ani to 45 kilometn.‘S tt) ihi- 

south-east ol Segou and ki^pt there- two for oner day and t\x'o for 

four days — all became infected will) trypanosome's. The.’: insects, 
which wore caught in largcj numhers upon the hoist's, included 
ordinary flics, tsetse, and horse-flies. C'axalhou thinks that the 
trypanosomiases which developed in these horses were not of the 
same .s])ecies (different diseases from both the; clinical and experi- 
mentrd points of view) ; lie admits that one of thesti species is very 
probably nagana. 

[Lax'cran ^ has exairiined a lumibcr of animals (shc'c^p anti tlugs) which 
were inoculated at Segou hy Ca/.aIhou with the blood of nines 01 
bovines snifering from trypanosoniia.ses, and n-cogniscs the existtmee of 
three distinct infections. A dog inoculated fioin a dromedary showexl a 
trypano.s(jme identical with that of inhori and of surra, 7 '. ivaiisi ; a sheep 
showed a trypanosome closely resembling T. dimoyphou ; anotlier sheep 
showed a trypano.soine which appeared to be that of sourna. Laveran 
thinks thisf is a new species, which he calls 7 . ca::alboiii. The Massina 
appears to be the principal focus of sourna, but this diseasti has also been 
observed at llamako and at Kati. According to Cazalbou and I^ecaiid, 
the disease is propagated by horse-flies (Tabinidie). The trypanosome whicli 
resembles T, dimorphon also appears to be a new species, for which Laveran 
has recently proposed the name 7 '. pecandiJ'^^ 

[In 1904 Major F. Smith^ discovered a small trypanosome (about 


^ Koch, Rciscben'i /itc^ etc., 15 erlin, 1898, p. 66. 

'Martini, Zei/st/ir./, Uy^. u. J/ifektionskrank\^ \\ 50, 1905, pp. 1-96.] 


Laveran and Mesnil, C*. /v\ Acad. Sciences^ v. 142, i9o7), see pp. i486, 1487,] 
Laveran, C. R, Acad. .s’t/Vv/o’j, v. 143, 1906, pp. 94-98. J 


Ibid., V. 14*4, 1907, pp. 243-247.] 
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13 fi long) in a blood-film taken from an ox post-mortem in Sierra 
Leone. Possibly this may have been the small form of 7 *. diniorphon. 
Smith states that GL palpalis is found all over the colony.) 

In 1904 one of iis^ observed trypanosomes which have the greatest 
resemblance to the trypanosome of nagana (general appearance, 
stnictiire, size) in blood-films taken by Dr. Taiitain, Secretary- 
Ceneral of P'rench Guinea, at the autopsy of a horse which died at 
Konakry. This horse, which Tautain only saw the day Ix.-fore death, 
staggered and was almost completely blind. 

[Martin,-' in 1905, found numerous trypanosomiases existing in 
IvOwer Guinea, the mountainous districts of I'oiita Djalon and of 
Labe, and along the banks of the Niger. Thest; diseases werii acute 
or chronic, and Martin found spontaneous infections in the horse, 
ass, mule, ox, sheep, goat, dog, and j)ig. Nearly all the trs pano- 
somes had common characters, and appeared to belong to llur type 
(iunorphnii. 'Phe trypanosome of soiima is also prevalent in various 
j)arts of b'rench Guinea.] 

Infonnatitm about the trypanosome ejiizootics in Gambia is 
furnished by Dutton and Todd {loc. cit,), who collected it at the 
same time that they were making their extendecl iiujiiirios into the 
distributi«m of huinan tryj:)anosomiases, about which we shall have 
more to say in another chapter. The disease amongst horses exists 
at the coast, at ('ape St. Marie, and along the whole extent of the 
(.iamhia. It is very common, and is largely responsible for the great 
mortality amongst horses in the colony, 'fliis trypanosome of the 
horse is different from that of nagana, and will form tlie subject of a 
s])ecial chapter ((Miapter VIL). At Maka, in I'rench Senegal, quite 
cl<*se to the frontic'r of (jainhia, 150 miles inland, Dutton and 'fodd 
alst^ observed iw-o horses infected with try[>anosomes, whicli must 
have been caught in English territory. P"rom the similarity of the 
sym])toms they thought that the so-called ‘ malaria ' of horses which 
is seen at St. l^<.)nis, in Senegal, was the same; trypanosmiie ejnzootic. 
The existence of a similar epizootic, endemic in the n‘gion of I ’])per 
Senegal, between Kayes and the Niger, had already been rendered 
probable by the works of the b'rench veterinary surgeons Dnpiiy,'' 
Lascaux, Richard, and Pierre.^ Dutton and Todd also saw cases of 
this disease, but were unable to discover a try panosome in associa- 
tion wdth it. 

^ A. Laveran, C, A*. Soi'. February 27, igo4, pp. 326, 327. 

^ [(i. Martin, Ann. ct Mai. Colon. ^ v. 9, pp. 304-314; C. A‘. Soc. 

BioL^ V. 6f, 1906, pp. io7-i<k;.| 

•* Oupuy, AVr. Mt\i. / 4 'AV., it>88, pp. 535 and 594; 1889, p. 253. 

^ rierre, set? report, Cadiot, Bull. Soc. ccnl. mod. in'lcy., .March 30, 1896. 
p. 148. Concerning the parasite Pierre writes thus : ‘ Almost constantly \vc have 
met with in our*]ireparations a crescentic element, thickened and pigmented at 
the summit of the arc ; a transparent zone clearly marked off from the rest of the 
little body sometimes joins the extremities of the crescent. The disappearance of 
the parasites amongst the red corpuscles is sometimes very rapid, and if one does 
not take care to fix the blood previously upon the slide they disappear before there 
IS time to make out their characters * (pp. 154, 155). Pierre thought the disease 
identical with human malaria and Indian surra. 
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Observations in Cameroon and in Gambia show that these 
trypanosome epizootics may exist close to the coast. We find them 
also occurring in the heart of the African continent. Thus Dr. Morel, ^ 
medical officer of the colonial forces, has furnished accurate informa- 
tion upon the distribution of trypanosome diseases in the region 
of Lake Chad. The tsetse-tlies (probably Gl. morsitans from the 
specimens which we have been able to examine) and nagana only 
exist along, and close to, the banks of the River Shari. The disease 
occurred during the rainy reason, and attacked horses, donkeys, and 
cattle. A favourite habitat of the Hy is a large sensitive plant. 
Mimosa polyacaniha. Along the shores of Lake Cliad there is no 
mimosa, no fly, and no nagana.- 

In blood-films taken by Morel from sick animals we found a 
trypanosome closely resembling T, brucei in shape and size. 

More recently another colonial surgeon. Decorse, has observed, 
also in the Shari Valley (at Kousri and h'ort Archambault), epizootics 
amongst horses and cattle. In blood-films which he has given us 
we have seen a trypanosome differing markedly in its dimensions 
from T, bnicci. Its average length is 15 /jl (instead of 25 m to 30 /jl), 
and its width is in proportion. There seems to be no free flagellum, 
but we cannot be quite certain about this. It resembles 7*. dimorphon 
of Gambia (see Chapter \TI.). In this region Dccorsci caught many 
specimens of GL lachinoides'^ and also some of GL morsitam. He 
noted that the tsetse-fly exists there independently of the mimosa. 

'riic trypanosomiases of camels and cattle in the regions of 
Timbuctoo and of Massina have formed the subject of careful 
investigations by Cazalbou, who has written several papers on them 
in the Bull. Acad. Med.' These trypanosomiases will be considered 
in a special paragraph later (see also p. 118). 

Do trypanosome epizootics, allied to nagana, occur in Algeria ? 
It appears to i\s that this is no longer a debatable point, since the 
discoveries by Szewczyk’' and Rennes*' of a trypanosome epizootic 
amongst the horses of the Spahees in the extreme south-west of 
Algeria (valley of the Zusfana), and by the brothers Sergent^ of a 

' Mortal, Z////. //r.v- imd J/eW. ndon., v. 5, 1902, p. 305, and v. 6, 1903, p. 264. 

2 [lirunipt (C A*. Soe. April i6, 1904, p. 629), however, makes the follow- 

ing statement : ‘ CL decor se i {i.e.. Cl. Uicltinoiiies) has been found only in the Shari 
basin and tilfug the shores of Lake Chad' (italics not in the original), ‘ where it 
seems to exist exclusively at the water’s edge.’J 

■* [In the original of I.avcran and Mesnil’s book this is called Gl. palpalis^ var. 
/£|<Azw/V/cj (Austen), but from the study of further material Austen has come 
to the conclusion that Gl. tuchinoides (Westwood) is in reality a perfectly 
distinct species. .Sec Austen, ‘Supplementary Notes on the Tsetse- Flies,’ Hrit. 
Med. Journ.^ September 17, 1904.] It is undoubtedly the same species which 
Urumpt {Soc. JhoL, April i6, 1904, ]). 628) has recently described under the name 
67 . derorsei, n. sp. •* 

* See the reports of Laveran, J>idl. Acad. Altfd.^ June 30, 1903, p. 307 ; 
April 26, 1904, p. 348. 

•'* Szevvezyk, Hull. Soc. centr. mod. April 30, 1903, p. 318. 

JJ Rennes, ibid.. September 30, 1903, p. 424, and April 30. 1904, p. 248. 

' Ed. and Et. Sergent, C. R. Soc. Biol.y January 23, 1904, p. rzo. 
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disease amongst dromedaries in the district of Constantine. In 
discussing later on the characters of these epizootics and their 
relation to nagana, we shall show that it is difficult to identify them 
with dourinc, the only trypanosome epizootic known in the North of 
Africa down to 1903. The case of the horse seen by Chauvrat in 
1892 must also, in all probability, be classed with these? diseases allied 
to nagana.^ 

In the following pages we shall be concerned solely with the 
nagana of Zuhiland and its trypanosome discovered by l>ruce. We 
shall then consider the trypanosomes of the African diseases allied 
to nagana, about which we have inore or less accurate information, 
drawing particular attention to the points in which they resemble, 
and differ from, nagana. 


NAGANA. 

PathociENIC Aoent: Trypanosoma brucci, Plimmer and 15 radford, 

1899. 

Section 1, — Animals susceptible to Nagana. Refractory Animals. 
Man. Symptoms and Course of the Disease amongst the 
Different Species of Animals. 

Whereas the majority of protozoal diseases (malaria, piroplasmosis, 
etc.) are confined to a particular animal species or to a small number 
of allied species, nagana, like almost all the trypanosome diseases, can 
occur in a large number of species of mammals. 

The list of species susceptible to nagana, whether naturally or 
experimentally, is already a long one, and even now is far from 
complete. One may say that, with very few c?xceptions, all mammals 
are susceptible to nagana. A certain number of species, especially 
ruminants living in the wild state, appear to have great tcjlerance, 
for they can harbour the 7 '. brttcci in their blood without being 
inconvenienced thereby ; but they arc not really refractory. We 
shall have occasion to refer to these cases ;igain later, especially in 
the Section dealing with the spread of nagana. 

Fortunately man is refractory to this terrible disease. Living- 
stone, l"oa, and all the explorers who have travelled in countries 
where nagana is prevalent, relate that they have been bitten 
thousands of times by tsetse-flies without experiencing anything 
more than slight irritation analogous to that produced by mos- 
quitoes/^ 

Other than mammals, we do not know of any animal susceptible 
to nagana. BMs are particularly refractory, the destruction of the 
trypanosomes inoculated apparently depending upon the high tempera- 

^ Chauvrat, AV/:. vMk, 1896, p. 34;. 

* I he recent discovery of a liuman trypanosomiasis does not invalidate this 
assertion, since the trypanosome is different from T, brucet. 
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ture of birds (vide infra), [ Schilling^ has, however, succeeded in infect- 
ing geese expcriincntally with his Togo virus, which he calls naganu, 
but which Laveran and Mesnil think is probably not nagana, but an 
allied disease. Mesnil and Martin,- who repeated Schilling’s experi- 
ments, found a goose susceptible to the original Zululand 7\ hruceR 
(ioebel," using Laveran and Mesnil’s virus, recently succeeded in 
infecting fowls.] 

Nagana can be easily inoculated, and inoculations alwaj^s succeed 
provided they are made beneath the epidermal or epithelial layers. 
When blood containing trypanosomes is injected into a vein or into 
the peritoneal cavity, infection takes place more quickly than when 
the inoculation is made in the subcutaneous tissue, but by the latter 
method infection occurs just as certainly as by the former. 

Ihe duration of the incubation period - -that is, the time which 
elaj)ses between the inoculation and the appiNirance of the [)arasites 
in the blood - varies with the s|)ecies of animal, with the number of 
trypanosomes injected, and with the stage in which the parasites are 
on injection. 

[ScA^eral observers liave also found that llio virulence of a ]>articnlar 
trypanosome lor the same species of animals may become increased by a 
series of passages, until finally a stage of vints-Jixr is reached. This 
increase in virulence is evidcaict^cl l>ya shortening of the incnhalioii period, 
but more especially by a diminution in the duralion of the disease. Thus, 
working wiili the same stiain of ].)aiasilc (the Zululand 7 *. bnicii), Laveran 
and Mesnil fomul the virulence for guinea-pigs grt;ater than Kanthack, 
Lurham, and Ulandtord liad done, as rtgards Ixitii the incubation period 
and the total duralion of the infection. Jakimotf, again, found the same 
parasite more viruk.ait tlian Laveran and Mesnil had done. Nhd)Mrro and 
Sloveiisoii, with the same strain of 7 '. bnuei which tlu^y obtained from the 
List(‘r Tnsliluto, London, in a rat, found that at fust guinea-pigs lived for 
eight to eight(.-en weeks after inoculation, but that alter a considc-rable 
number of passages through guinea-pigs, a stage of virus- fixe was 
veachcjd, which killed the animals in fourteen (;r liftefui days. Martini 
found, in his e,\periments with the Togo virus, that a low vinilence was 
often associated with a short form of trypanosome without free llag<?lhim. 
After S(;\ eral passages Ihrougli animals, trypanosomes with free llagelluni 
appeared, and this was accompanied by an increase of viriil(3nce. This 
relation of virukmce to length of ilagellum was by no means constant, 
how'ever.J 


When' the Jluid injected contains a very small number of parasites, 
the incubation piTiod is longer than when blood rich in trypanosomes 
is injected. The incubation period is also prolonged when the 
trypanosomes have been kept for one or two days at the room 
temperature, or exposed for one or two hours to a tempera- 
ture of 40° or 41"" C. This will be referred to again later. The 
diminution in virulence is manifested only by this prolongation 

’ [Schilling, Arb, a. d, kuiserL Gemnd,^ v. 2T, 1904, p. 476.] 

- [Mesnil and Martin, C. A\ Soc, v. 60, 1906, p. 739.I 
•* [O.'Goebcl, ibid.^ v. 61, 1906, p. 321.] 
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of the incubation period, the infection itself being just as severed In 
the experiments to be described, infection was always produced, 
except when otherwise stated, by the injection of numerous trypano- 
somes in a normal condition. 

In certain animals, esi)ecially rats and inic(\ J\ hntcci multiplies 
rapidly and regularly, so that the microscopical examination of the 
blood is sufficient to study the progress of the infection. In other 
animals the trypanosomes are very scanty, at least at certain periods 
of the disease, so that the diagnosis cannot be made by a simple 
blood examination. It is then necessary to inoculate i to 3 or 
more c.c. of blood from the suspected animal into an animal in 
which the evolution of nagana is rapid and progressive. Throughout 
tin’s volume we shall come across numm-ous instances showing that 
it is often iiidispensalde to have recourse to inoculation experiments 
in order to be certain whether an animal is infected or not. (See 
LS[H;cialIy the observations upon the pig, shee]\ goat, and ox.) 

The duration of the disease produced by /'. hnicci \ aries greatly 
with the animal species ; from this point of \ icw animals may be 
divided into threii groups : 

(i) Animals in which nagana runs an acute course: inousi‘, rat, 
licld-monsi^ (. / ri'iatla), inartnot, hedgehog, dog, monkey, [cat, 
fox, squimrl J ; 

(2; Animals in which nagana runs a subacute course: rabbit, 
giiinca-pig, field-monsi'. (A/z/.s sylvalicus), garden dormouse yilliomy^ 
ijiu yciinis), eqiiines, ])ig ; 

(3) Animals in which nagana runs a chronic course.: cattle, goat, 
she(‘p, |goosi‘, fowl]. 

1 he three forms of nagana maybe studied in the above order.“ 

! I lu: table ' on p. 124 summarizes the results obtained by different 
investigators in various animals infected with nagana.] 

^1 he following lal)h.‘ shows clearly the influence of the number ifl' Irypanosoines 
mjected, and of the mode, of entry, upon the length of the im iibal on pericxl. 


Fluid inoculiileil. 


Incubation Period in tlic Mouse inociilaied with 
'A. c.c. I''liiid. 


Inirapcritono.dly. Subcutaneously. 


blood rich in tr> panosomes, .j 

‘^^ikUed I in 5 i day (died in 3 days). 2 days (died in 5 days). , 

1 he same, diluted i in 500 ... 2 days (died in 4 days). ; 4 days fclieil in 6| clays).! 

1 he same, diluted i in 50,000 4 days (died in 6 days). 5 days (died in 7 days), j 


l‘or a number of details see Laveran and Mesnil, AW/. Acad. MM.. June 3, 
^ 903 , p. 646. , 

[lilts table is not in the original French edition.] 



Table showing the Results obtained in Various Animals infected with Nagana by Different Investigators, 
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(1) Animals in which Nagana runs an Acute Course. 

Rats and Mice. — The course of the disease is the same in tame 
rats (wliite and speckled), in sewer rats (A/7/.s (fcr/nj/a^i/zs), nnd in tame 
or wild mice. 

A rat from which the spleen had been removed eight days 
previously behaved exactly like a control rat, as did also rats highly 
immunized against T. Icic/si. 

When an animal receives mhcutaneously a moderately large dose 
of trypanOvSomes — for example, .>V c.c. of blood containing many 
parasites — the incubation period is about two days ; witli a smaller 
dose the incubation period is longer, and may even reach ton to 
twelve days. The duration of the incubation period gives important 
information about the number of trypanosomes contained in a 
specimen of blood when the microscopic examination is negative. 

After inirapcritoneal inoculation of a fairly large dose of the 
parasites, the incubation period is less than twenty-four hours, and, 
together with a multiplication within the blood-stream, there occurs 
an intraperitoncal reproduction of the parasite. 

Upon this question of incubation period we are quite in accord 
with English observers. We do not agree with them, however, 
concerning the total duration of the infection : Kanthack, Durham, 
and Blandford give, for rats, from six to twenty-six days (average 
twelve) ; for mice, from eight to twenty-five days (average thirteen) ; 
Bradford and Plimmer give from six to nine days for rats and rniceJ 
Starting, as these observers also did, with an incubation period of 
two days, we found the total duration of infection, incubation' 
included, to be only three and a half to five and a half days. After 
intraperitoncal inoculation, there is an incubation period of some 
hours, and the animal dies in two and a half days or in three days 
(rat and mouse respectively). 

PTom the time that the trypanosomes appear in the blood, their 
numbers increjise constantly and regularly until death, when they 
arc as numerous as, if not more so than, the red blood-corpuscles. 
If the incubation period has been prolonged, the animal usually 
succumbs, as in the previous cases, two or three days after the first 
appearance of the parasites in the blood. 

There arc some exceptions to this rule. Animals inoculated with 
the blood of a pig (in the third month of the disease) or of a sheep 
(in the fourth and sixth months of the disease) soinetinies suffer from a 
long infection (five to nine days instead of two or three). The 
trypanosomes^ after having appeared in the blood, diminish in 
number for a time and then increase again. The trypanosomes of 
these animals suffering from a mild infection, inoculated into other 
rats and mice, are of ordinary virulence. We had a similar result on 
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inoculating into a rat trypanosomes which had been kept in contact 
with toluidin blue until they were completely motionless.^ 

The temperature in the case of two of our rats showed no definite 
rise. During life there is no lesion or morbid symptom- noticeable, 
but the animals appear in good health until the approach of death. 
The majority of mice and a certain proportion of rats appear drowsy 
in the last hour of their life and die without convulsions. Sonn* 
mice and the majority of rats, on the other hand, while apparently 
perfectly healthy, become very excited; this is followed by convulsions 
immediately preceding death.*' 

[Jakirnofi ‘ found that rats and mice inoculated by him behaved 
similarl\\ b'or details of the incubation period and duration of the 
infection, see. Table, p. 124]. 

FiJ- 1 [An'icjlti urvalis). — We have experimented upon six 

lield-niic(.', tw(j inoculated intraperitoneally and four subcutaneously. 
Althongli it is difficult to keep these animals alive long when in 
captivity, fairly dclinite results were obtainiMl with them. Two of 
them behav(id (ixactly like rats or mice wliich served as controls : 
the trypanosoiiK^s aj)pearcd ra])idly in the blood and (pnckly increased 
in numbers, the animrds dying in four days with very many trypano- 
somes in the blood. 'I'lie sph^eii was three times the normal size. 
The oth(‘r lield-inice contracted a less acute infi'ction; the trypano- 
somt's appeared in the blood quickly or only after four to six days, 
but in all cases they were scanty in it. The animal then died in 
about a week, but d<.)alh was undoubtedly hastened by captivit}'. 
The sjdeen w^as enlarged. 

Maumoi's. -According to Dlanchard,*’ who used the same virus 
as we (lid, the marmot, when aw^akt? and also w'hen \cry lethargic, 
suffers from an acute infection w'ith many lrvpanosonu‘s in the blotxl, 
death occurring in nini.‘ to foiirtetni days. On the other hand, w-lien 
sound asleep the marmot is either less susce]Hible or entirely 
refractory. Unfortunately, the exp(?riment quotial by lilanchard 
does iKjt lead to any definite conclusic^n. 

lIjii.)c;i':iior,s.- ’Kanthack, Durham, and Hlandford inoculated a 
hedgc'hog. Iniection occurred rapidly, and the animal died 
seventeen days afttu' inoculation, having lost a (juarter of its original 
W'cight. 

We have also exp(.'riincntod upon a hedgehog weighing 

* One of our rats surx ivefi after having shown Irypano-somes in its blood. This 
rat was inoculaled imrapcritoneally on April 26, 1901, with a mixture of equal 
volumes of tohiidin liliu! and of trypanosome-containing blood injected after being 
mixed for fitteen minutes, wlien the trypanosomes wore quite motionless. On 
May f trypanosomt's were present in the blood ; (ui May 3 they Averc very scanty, 
after which the examinations were always negative; tested later this rat was not 
inimunized. 

- Kanthack, Durhani, and niamlford note lesions of the eyeball in their rats, 

^ ()ur researches include observations iijion more than 500 rats and mice. 

^ [\V. L. JakimotT. i 'enfra/b. /, Bakter.^ I, Orig., v. 37, p. 668.] 

. ^ R. IManch.aj'd, c. R. Soc. BioL^ July 25, 1903, p. 1122. 
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420 grammes, which was inoculated subcutaneously on January 7, 
1903. 

Trypanosomes appeared in its blood after four days. Tluy were 
srarity for several days, then very numerous from January if> to iS, and 
more .so on the 19th and 20th, when the animal died. I'he disease lasted 
thirteen days. At tlie time of death the animal weighed only 340 gramnu's. 
Spleen weighed jo grammes, undoubtedly much enlarged. 

Docs. The dog is very susceptible to nagana. The incubation 
period, after subcutaneous injection, was from four to si.\ days in the 
e.vtperimcnts of Kanthack, Durham, and Hlandford, from two to four 
days in our own. Fever is often slightly marked ; in the majority of 
cases the temperature is rai.sed from the third to the lifth clay, hut 



I'Kr. iS.- rFMi-j'iiA'rL'RF-: Chakts of Thrkk DiMt.s wmi jNa(;a.v.\. 


A and T*. Our nwn oKsDrvalions. C. /M'lcr I’lruco. In tlio case of drtijs A and 1> tlxj 
wt^iirht is mUod. In llie case of do^ C the dolled lines represent tin*, variations in tin; 
number of I rypano.somcs present, the figures indicating tin; niimher of parasites per 
cubic niillimetrc of blood. 

never goes beyond 40° C. [104° F.]. Jlriice noled continued fever 
with exacerbt'itions to 40° and 41® and we have had similar cases 
(see cliarts, Fig. i8). 

The total duration of the infection was from eight to sixteen days 
in Ikucc's experiments ; from fourteen to twenty-six (average 
eighteen) in those of Kanthack, Diirliarn, and Blandford ; from six 
to fourteen in the experiments of Nocard and in our own. In one 
instance one ^f our dogs died twenty-one and a half days after 
inoculation, the incubation period lasting seven days. It had been 
inoculated with blood containing few trypanosomes, probably of 
modified virulence by passage through a sheep. 

During the last hours of its life the dog appears very weak, and it 
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dies without apparently suffering. CEdema of the genital region 
(sheath, testicles), with considerable hypertrophy and congestion of 
the inguinal glands, is frequently, but not constantly, present. Less 
frequently, transient cedema of the face, particularly of the eyelids, 
and opacity of the cornea are observed. We have never seen, as 
have Bnice, Kanthack, etc., blindness following these corneal 
troubles ; nor have we ever seen the pustular eruption described by 
Bruce. The animal rapidly wastes and often presents transient 
paresis. 

When the course of the disease is rapid (six to nine days), the 
trypanosomes constantly increase in number from the time that they 
appear in the blood, or, rather, their number remains stationary for 
several days and increases later. When the disease lasts twelve days 
there is generally a diminution in the number of parasites, followed 
by an increase, which lasts until death. Finally, in our dog which 
lived for twenty-one and a half days there were several such periods 
of diminution, followed by an increase. 

Speaking generalh^ one may say that, after the rat and mouse, 
the dog shows most trypanosomes in its blood during the course of 
the disease. 

Cats. — The cat appears less susceptible than the dog to nagana, 
and perhaps, when nagana in the cat has been more studied, it will 
be necessary to classify this animal with those in which the disease 
runs a subacute course. 

Kanthack, Durham, and lUandford give live days as the incubation 
period. Death occurs in twenty-two to twenty-six days. The animal 
has fever ; trypanosomes arc present in the blood, but their number 
shows marked daily fluctuations. As with the dog, an affection of 
the aqueous humour, with fibrinous deposits in the anterior chamber, 
and opacity of the cornea, are observed. 

Plimmer and Bradford state that trypanosomes are less numerous 
in the cat than in the dog. A cat from which the spleen liad been 
removed died tw^elvc days after inoculation with nagana. 

We have never experimented on cats, and can only quote the 
following observation, for which \vc are indebted to Dr. Chantemesse. 

On October 20, 1903, a cat ate an infected mouse which had just died. 
A month l^er the cat was losing weight, its head was swollen, and its 
eyes affected. These troubles became more marked, and the animal 
died on Decemljer ^ 3, foriy-four days after this accidental inoculation. The 
blood swarmed with trypanosomes, the spleen was considerably en- 
larged, (35 grammes for an animal of 2,040 grammes) ; the liver was also 
enlarged. The animal was completely blind owing to opacity of the 
cornea and lens. All round the eyes the hair had fallen away and scabs 
had formed.^ ‘ 

’ Since then we have observed another cat, which died twenty-five days after 
having eaten an infected guinea-pig, with practically the same symptoms as the 
preceding ; during the last days of its life trypanosomes were numerous in the 
blood. 
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[Ziemann^ inoculated a cat with 7\ hf'ucci from a chronic case in a 
horse ; the incubation period was five days, and the disease lasted 
thirty days. Lacomme- has recorded two cases of nagana in cats 
which had eaten rats just dead of the disease; the cats died in 
twenty-eight and lifty-two days. For other experiments on cats 
?ec table, p. 1^4.! 

Monkeys. — Monkeys, at least the genus Cen'of)iihcc:i'i, iivc easily 
infected, trypanosomes rapidly multiplying in the blood, where they 
lire met with in large numbers. The disease had an average.', duration 
of fifteen days, and terminated fatally in each of three cases. A 
baboon inoculated by us proved refractory. 

The chief symptoms are: fever, an?emia, axlema (very slight in 
the case observed by us), and general weakness, which becomes 
very marked in the last stages of the disease. About the fourth day 
after inoculation the temperataro rises from the normal C. in 

tli<^ monkey’') to about 40"" C., and after remaining up for scrveral 
clays, falls again to normal. The monkey, of which a tletailcd 
account is given below, died with a remarkably low temperature: 
th(‘ dav before death the rectal temperature was onlv 2^*5° ('. 

Kanlhack, Durham, and Blandford experimented upon a Mcian iis 
rhiSJis ; it survived the inoculation a fortnight, and died in ‘an 
advanced condition of pulmonary tuberculosis . . . ; V(.*ry many 
hainatozoa w'ere present in the blood until death occurre^d.’ 

Nocard cixperimeiitod upon ‘an old MacacKn, active and vovy 
spiteful, which received under the skin of the tail several drc)))s of the 
blood of a mouse. Four days later the monkey was quiet, refused its 
fond, and allow'cd itself to be handled w ith impunity. Its temperature 
mse to 41'^ C. 1 106'' F.J, and the blood c'.ontaincd an enornic^us 
number of trypanosomes.’ This monkey — so Nocard kindl\' informed 
us — died fifteen days after inoculation ; it had fever, (edema of tlici 
eyelids and pouches, and very many parasitcis in the blood from the 
lifth day onwards. At the time of (icath the parasites were more 
numerous than the red corpuscles. 

A ('cycopUhiCHs we inoculated with nagana died in thirteen days. 
As it show'ed certain symptoms resembling those produced l)y the 
inoculation of T, ^iunbiciisc, wc reproduce the detailed roc('ird of 
the monkey as w’e presented it to the Academic dc Mcdccine in 1902. - 

A mojikey, Cevcocchus fidigitwstts {CcrcopUJiccus), was in(jculat(xl on 
March 23, 1902, under the skin of the. abdomen with the blood of a mouse 
which had just died of nagana. At the time of injection the trypanosomes 
were very motile. 

Hectal temperature of the monkey before injection, 37*6° C. [ou h® F. |. 

eight, 2,040 giammes. 

* Zicinann, Ceniralbl, f, Ihikicr,^ I, Orig., v. 38, p. 314.J 

L- Lacomme , de P/iys, et Pai/t. v. 8, i‘^6, pi3. 115-117.] 

[in Uganda we found the average normal temperature of monkeys {Macacui: 
and tercopithecus) to be 102*2^^ F. (39" C.).] 


9 
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March 26 : Few trypanosomes in the blood. 

March 27 : Trypanosomes very numerous. In the evening the tempera 
ture rose to 40^ C. [104® F.] ; the monkey does not appear ill, and has a 
good appetite. 

March 28 : Trypanosomes numerous; E. 40’i° C. [104*2® F.j. 

March 29: Trypcinosomes numerous; E. 39'9® C. (103*8° F.]. 

March 30 : Trypanosomes have appreciably diminished ; M. 36*7° C 
[98® F.J. The monkey is less lively Ilian usual, but eats well. 

March 31 : Trypanosomes very scanty; M. 38*1'' C. [100*6® F.j. 

April i; Trypanosomes scanty; M. 37*4® C. [99*4® F.J; E. 39*«8® C. 
[103*6® F.]. 

April 2 : Trypanosomes scanty ; M. 36*4® C. [97*6° F.] ; E. 36 3® C. 
[97*4® F. |. The monkey is getting weaker; remains quiet almost con- 
tinually, with his head between his legs. A little <i?dema of the right 
eyelids present ; appetite diminished. 

April 3 : Trypanosomes scanty : weakness increasing, subnormal 
temperature very marked; M. 34*4' C. [94® F.]; E. 33*4® C. [92*2'- F.J. 

April 4: The monkey is so weak that it can hardly maintain the 
sitting posture ; it constantly reels and falls on its side. The tempera- 
ture (ontiiiues to fall, reaching only 28*3® C. [83*4® F.J in the rectum. 
Trypanosomes very scanty. The blood is very Ihiid, and flows freely 
from a small cut in the car, which was made to obtain blood for examina- 
tion. The blood lixes badly, and the red corpuscles are greatly diininisheil 
in number. 

The monkey was found dead on the morning of .April 5. It weighed 
1,920 grammes; the spleen, 19*5 grammes. Tlte tissues were ana*mic ; 
the blood watery, as in the severe anamiias ; no (rdema or infiltration ol 
the S(M*oiis membranes *, urine normal. 

[I'ox. — Jakinioff injected a fox subciitancoiisly. The incubation 
perio<l was short — three days — and the trypanoscimes wore very 
numerous, coming even to exceed the red corpusclc;s in nuinbei*. 
The disease ran a very acute course, death resulting on the eighth day ]. 

1 vStW'J KUiiL. — Mathis^ has shown that tht^ squirrel is susceptible to 
experimental inoculation. A common French scpiirrel (Sciiirns 
vi(lj^ayis) becaiini infected after an incubation period of seven days, 
and died thirty-eight days after injection. In an Annamese scpiirrcl 
{Sc. i:^n'scimaniis) the incubation period was four days, and the totrd 
duration of the infection nineteen days. Try-panosomes were very 
numerous in the blood, and the animals did not appear ill until a 
few days before death. In one case there w*as opacity of the cornc?e 
and marked wasting. I^oth animals were drowsy shortly' before 
death. Post-mortem the spleen was much enlarged in one of the 
animals.]. 

(2) Animals in which Nagrana runs a Subacute Course. 

Rauuits. — T he duration of the incubation period noted by 
Kanthack, Durham, and Blandford is about eight days. In our 
experiments we frequently observed, with intravenous or subcutaneous 
inoculation, that it w^as only two or three days. 

The temperature runs a very variable course. Sometimes in 

^ [C.-Malhis, C. Soc. Bio/., October 13, 1906, v. 6r, p. 273.] 
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, achcctic rabbits, which succumb quickly, the temperature rises 
when the parasites appear in the blood. In more resistant rabbits 
during the eight or ten days which follow the inoculation the 
temperature remains below 40^ C. [104^ h\ |; then there is inter- 
mittent fever, with irregular rises to 40° and 41° C. [104^' to i05’S° F.], 
larcly above 41*^ C. These exacerbations of temperature do not 
api^ear necessarily to coincide with an increase in the number of the 
parasites. We have sometimes seen the first rise of teiM])erature 
coincide with the appearance of cedema. 

The total duration of the infection varies, according to Kanthack, 
Durham, and Blandford, from thirteen to fifty-eight days (average 
thirty days). It may be as long as three months (Bradford and 
Pliinmer). According to our observations, it varies from ten to 
fifty days, not taking into account those ral)bits which were wasted 
at the time of inoculation. 

In ral)bits which survive more than twenty da\^s certain local 
SNinptoms occur. At first there is a little hlepharo-conjunctivitis 
with coryza; very soon follow cedeinas, localized especially to the 
head (tlio root of the cars more particularly), to the anal mucous 
membrane, and to the ('Xtornzd genital organs. Congestion of the 
testicles or true orchitis may be present. The hair falls out around 
the eyes and nose and nt the root of the cars, sonuitimes also in 
difterent parts of tlie abdomen and back. If llic animn! survive a 
time, those bald patches may ulcerate and exude a purulent Iluid. 
lu these cases, too, the blepharo-conjunctivitis increases and 
becomes purulent, the eyelids are stuck together, pus accumulates 
beneath them, and the cornea is rapidly affiicted. It becomes 
opafiUf?, and blindness may ensue. [Two rabbits inoculated by 
Jakinioff died in thirteen and forty-nine days resi)e(;tively ; botli of 
them had purulent eye lesions— conjunctivitis, keratitis, and iritis.] 

In animals which succumb ra])idly trypanosomes an? fre<picntl} 
s(‘on on microscopical examination, but they do not bitcome v(;ry 
luiinerous until two or three days before death. In those, cases in 
which the disease runs a relatively slow course, microscopical examina- 
tion may l>e constantly negative, but inoculation into a mouse proves 
the presence of trypanosomes in the blood. 

(iciN]CA-P](;s. — Kanthack, Durham, and Blandford give the in- 
cubation period as five to seven days. In our experiments it was 
from two to four days. 

Throughout the disease the guinea-pigs have continued fever with 
occasional intermissions, the temperature being as a rule above 
40° C. Kanthack, Durham, and Blandford's guinea-pigs died in 
fi'om 20 to 183 days (average fifty days). The disease may last 
eighteen weeks (Bradford and Plimmer) ; the majority of our guinea- 
pigs died in from fifteen to thirty days after subcutaneous or 
mtraperitoneal inoculation ; some died five or six days after, while 
Bvo survived forty-six and sixty-one days. When the disease lasts 

9—2 



132 TRYPANOSOMES AND THE TRYPANOSOMIASES 


more than twenty days, the animal generally shows lesions of the 
eyes, such as loss of hair around the eyes, and a little purulent 
conjunctivitis, cedema of the vulva or sheath, and of the anus. 

Except in those cases in which death occurs rapidly, the number 
of parasites in the blood does not increase with any regularity. On 
examining the blood, parasites may be found for several days, then 
they may disappear, and after some days reappear again. This may 
be repeated several times. As a general rule, the parasites are more 
numerous than in the blood of the rabbit, and sometimes they arc 
very numerous, or may even swarm for several days togoifher. In the 
two guinea-pigs which survived forty-six and sixty-one days the 
parasites were seen under the microscope from the fifth to the 
eleventh day after inoculation, then they were not seen again until 
the last days of the disease. 

FiELD-Moosb:. — We have experimented upon only one field- 
mouse (Mus sylvalicus), weighing 15 grammes; it proved very 
resistant. 

It was inoculated subcutaneously on Deceniber 21, i(y02. Trypanosomes 
did not api)ear in the blood until December 29, and were scanty until 
January 10. They were very numerous from the 11th to the 13th (on 
tlic 13th there was marked tendency to agglutination) ; they were scanty 
from January 13 until death (January 21). No external symptoms. 
Spleen was enlarged, and weighed 0*17 gramme ; the duration oj the disease 
ims thirty days. 

One may note the great difference in susceptibility between the 
field-mouse and the mouse, although so closely related. 

Doumousk. — \Y<i have experimented upon a donuuiiso (/: 7 /(»//y’s 
qncrcinm), which throughout the experiment was kept in the incubator 
at 22^^ C. 

From November 18, 1902- when inoculated subcutaneously — to 

December 20, the daily examination of the blood was negative. 

On November 25 two drops of blood did not infect a mouse; later 
(November 30, December 6 and . 19) blood inoculated in doses of z to 
4 drops infected mice with an incubation period of. four to six flays. 
From December 20 to January 10 trypanosomes wertj seen in the blood 
on three occasions. The animal was very lively, and ate well ; its weight 
increased froin 43 to 48 grammes. From January to to 26 the animal 
lost Aveight. Trypanosomes were found almost e\ery day (always in 
small miiril)(;rs) on microscopic examination. There was marked weak- 
ness, especially of the right side of the body. The animal was found dead 
on January 21. It weighed only 30 grammes; spleen was not enlarged, 
weighing o*o8 gramme. The disease lasted sixly-three days, 

EguiD.i:. — We have numerous accounts of the course of the 
disease in cquines, for it is these animals which are specially liable 
to be attacked by the natural disease in South Africa, and, moreover, 
Bruce experimented upon a certain number of them. The horse, 
ass, mule, and, according to the experiments of Kanthack, Durham, 
and Blandford, zebra-horse hybrids (male zebra and mare, stallion 
and female zebra) and zebra-donkey hybrids (male donkey and 
female zebra) are susceptible. The zebra is refractory according to 
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the accounts given by explorers, but we know that animals have 
often been considered refractory when really the disease runs a very 
chronic course in them.' Recent experiments of Grothusen and of 
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Martini with the German East African and Togo parasites, about 
which we shall speak later on, have proved the susceptibility of the 

^ [When at Naivasha, Hritisli East Africa, I had the opportunity of examining 
tiie blood of several zebras, which had been tamed by Mr. R. J. Stordy, P.V.O., 
but no trypanosomes were ever found. — Ei).J 
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zebra to these parasites. The same thing is probably true for th*.‘ 
original Zuliiland trypanosome of nagana. 

When the disease in equines is contracted as a result of the bite 
of tsetse-flies, the incubation period is on an average ten days. 
Kanthack, Durham, and l^landford record an incubation period of 
seven days, while in the horse and donkey with which wc experi- 
mented the incubation period was four days. In these experimental 
cases the amount of the virus injected was considerable compared 
with that which even a large number of tsetse-flies can convey. 
[Theiler gives three to twelve days as the incubation period.] 

Fever occurs simultaneously with the appearance of trypano- 
somes in the blood. It is always remittent or continued, and lasts 



I'lfj. 20 — A PIORSJj: SUFFEKlXli FROM NaGANA. 


until death. In some cases there may be hyperpyrexia just before 
death. 

The first rise of temperature generally exceeds 41® C. [106° F.J, 
and may reach 42° C. [ro7’6'^F.], but later rises rarely exceed 41*^0. 
We shalf see later on that various ruminants show this great initial 
rise of temperature. The accompanying charts (Fig. 19) from our 
experiments with a donkey and a horse show the two types of fever, 
remittent and continued. 

Death occurs in from fifteen days to two or three months, and 
depends in great measure upon the resisting power of the animal. 
Our horse, which was an old one, lived twenty-seven days, while the 
donkey, which w^as young and active, lived fifty-nine days. The 
zebra-horse ajnd zebra-donkey hybrids succumbed in eight weeks. 
{Theiler, in the Transvaal, found the disease run a very acute course 
in equines — one to two weeks.] 
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Equines suffering from nagana may show, during the course of 
the disease, a number of characteristic symptoms as recorded by 
Bruce : 

‘ The first appearance of a horse being affected by nagana is that 
his coat stares and there is a watery discharge from the eyes and 
nose. Shortly afterwards a slight swelling under the belly or a 
piiflincss of the sheath may be noticed, and the animal falls off in 
condition. 

* rhe hind extremities also tend to become swollen; and these 
various swellings fluctuate, one day being marked, another day being 
less marked or having disappeared. During this time the animal is 
becoming more and more emaciated; he looks dull and hangs his 
head ; his coat still stares, becoming harsh and thin in places ; the 
mucous membranes of the eyes and gums are pale, and probably a 
slight milkiness of the cornea of the eyes is observable. In severe 
cases und in the last stages a horse presents a miserable appearance. 
Me is a mere scarecrow covered with rough liarsh hair, which has 
fallen off in places. His hind extremities and sheath may be more 
or less swollen, sometimes to a great extent, and he may have 
become tiiiite blind. At last he falls down unable to rise, his 
breathing becomes shallower and shallower, and he dies of exhaus- 
tion. During his illness he has shown no symptoms (.)f pain, and up 
to the last day has had a fairly good appetite.* 

(.)ur two animals did not show all these symptoms. The horse 
had great oedema of the whole of the ventral region, as shown in 
Fig. 20. The ass had no cedema, but during the last three weeks of 
its life it was profoundly lethargic, which was commented upon by 
all who vsaw' the animal. 

We have mentioned the coincidence of the appearance of trypano- 
somes in the blood and the first febrile paroxysm. Our charts show 
better than any description the striking parallel between the curve 
of the temperature and that of the parasites in the blood. ^ Trypano- 
somes could be found almost every day on microscopic examination, 
but they were never very numerous. The red corpuscUjs gradually 
diminished, and at the time of death were reduced to one half their 
original number or even less. 

Pi(i. — We showed, at the same time as Plimmer and Bradford, 
the great susceptibility of the pig to nagana.- We shall here merely 

’ This parallelistn is particularly well seen in the case of the ass. One notes 
the great regularity with which the maximum number of trypanosomes (jccurs 
at intervals of about seven clays ; also the striking parallel (much more marked 
than in the case of the horse) between the temperature cur\c and that of the 
parasites. It should be noted that the maximum number of parasites generally 
jirecedcd the maximum temperatures by twenty-four lioiirs. The disappearance 
^f the parasites during the last four days of the illness is probably due to two 
injections of sodium arsenite. 

- [Bradford and Plimmer state (/oa ciL^ p. 462) : ‘ The pig shows the organism 
•n the blood very rarely and in very small numbers, and dies witli pulmonary 
symptoms.’ Nocht and Mayer, in Kolle «and Wassermann’s ‘ Handbuch dcr 
pathogenen Mikro-organismen,’ stale that the pig is fairly resistant. Schilling 
and Martini also found that the pig is not very susceptible to the Togo virus.] 
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refer to the case of the young pig which we inoculated, and whicli 
died ninety-four days later (see detailed account in Bull. Acad. 
Med.y January, 1902). Its temperature fluctuated between 39’5‘' 
and 40*5"^ C. [103"^ and 105° F.] (which is a little higher than the 
normal temperature of a young pig), except during the last few days 
of life. 

During the first forty days the animal showed no symptoms, but 
gained steadily in weight. Trypanosomes were never found in the 
blond on microscopic examination, but a few drot's of the blood 
inoculated intraperitoneally into a mouse alwa3’s infected it. About 
the fortieth day there was marked weakness of the limbs. This 
weakness rapidly' increased, and soon the animal wjis no longer able 
to stand. Its anterior extremities, which were constantly bent, 
became cudematous and ulcerated at the knees. There was marked 
arching of the back at the levtd of the lower dorsal vertebra:. 

During the last month the animal lav either on its bcll\^ or on its 
side, and it was necessary to support it in order that it might eat. 
The left cornea became opacpic. During the last three days the 
temperature fell, and was markedly subnormal when the animal 
died. Two days before death the microscopic examination of the 
blood was [)ositivc for the first time. On the day of death trypano- 
somes were numerous. 

Lignieres,^ at 15uenos Ayres, infected two pigs, one i)f which was 
irnmiini/ed against caderas. At the end of fifteen days and of one 
month the blood of the two pigs was virulent : after two months the 
blood of the j^ig immuni;iied against caderas was no longer virulent ; 
after three months the blood of the other pig was also non-vinilcnt. 
The.sc two animals, therefore, made a rapid recovery. 

(3) Animals in which Nagana runs a Chronic Course. 

Bovid.i:. — ‘There is,’ says Bruce, ‘a gre?at difference in the 
duration of the disease in cattle : a few will die witliin a week of 
taking the disease, many die within a month, and others linger on 
for six months or longer. The general opinion among the traders 
and natives in Zululand is that only a very small percentage recover. 

‘ The general symptoms in cattle are less marked than in horses- 
and dogs. They gradually waste away; the hair, at first harsh and 
staring, tends to fall oft’; there is the same trickling of a watery fluid 
from the eyes and nose, and a tendency to diarrheea, which, however, 
I have never found marked. In many cases the dewlap becomes 
swollen and baggy, but I have not found the same tendency to the 
swelling of the under surface of the belly or the extremities as in the 
other animals, nor have I ever seen blindness occur in cattle. The 
hamratozoa arc also much less numerous in the blood of cattle than 
in that of horses and dogs, and often require to be looked for on 
several days in succession before they can be demonstrated.’ 

J- Lignicres, />W. de Ai^ric. y Gmuid,^ third year, No. 50, February I, 1903. 



NAGANA 


137 


The fever, which is continued, is less marked than in horses, 
bearing in mind the higher normal temperature of cattle (about 
' C. or 101° F.), but the temperature sometimes rises above 
41° C. [105-8*' F.]. 

The accompanying chart, taken from Bruce’s paper, gives an 
idea of the course of the temperature and of the number of trypano- 
somes. In this case the number of red corpuscles diminished from 
5,260,000 to 1,800,000 per cubic millimetre. When death occurs 
more rapidly the diminution is less marked. 

At Alfort, Nocard inoculated several Breton cows subcutaneously. 
They all survived, and exhibited only the slightest symptoms of 
ill-health. There was a rise of temperature above 40° C. live days 



As it was a case of spontaneous infection, tho curves start from the day on wliich the 

disease was rccoi’niscd. The normal temperature of the cow is about loi 4 ' 1'. 

after inoculation, and on that day a few trypanosomes were visible 
in the blood. Two days later the temperature was normal, and 
remained so until the end of the infection. The general condition 
of the animals was good. Microscopical examination of the blood 
was always negative, but the blood remained infective for mice for 
five months. At the end of that time the blood was no longer 
infective, and the cow was immunized against nagana. 

Is this marked resistance of Breton cows to trypanosomes a 
question of race, or is it due to the fact that the virus injected had, 
through long disuse with cattle, lost its virulence for them ? Further 
experiments are necessary in order to decide this point. We may 
note that Argentine cattle arc also only slightly susceptible to our 
virus (Lignieres). 

Nocard introduced infective blood (2 c.c. of rat’s blood rich in 
trypanosomes) into the teat of a cow which had recently calved. 
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This did not infect the animal, nor was there any fever, mastitis, 
or alteration of the milk. 

Sheep and Goats. — According to Kruce, the native goats and 
sheep of South Africa are less susceptible than other mammals, the 
disease as a rule running a chronic course and lasting five months. 
In Bradford and Pliinmers experiments a goat died in two months. 
Nocard has given us a complete account of the disease in a sheep 
which died in six and a half months (197 days). The animal had on 
the sixth day after inoculation a rise of temperature to 41® C., after 
which it fell to between 39° and 40^^ C. On the twenty-fourth dav- 
it rose again to 4i‘5° C. | F. ], and remained for a considerable 

time at about 41*^ C. There was (edtmia of the face and eyes, then 
of the testicles. It was only during this period that trypanosomes 
could be found on microscopical examination, and for about a week 
several could be found in each field of the microscope. The 
swellings increased, and extended as far as th(; hind quarters and 
shoulder by the end of the third month, after whicli they 
rapidly disappeared. During the fourth, fifth, and first half of the 
sixth months, the animal had apparently recovered ; its temperature 
was about 39*^ or 40° C., but its blood was still infective. During 
the last month it wasted rapidly, and after death there were found 
signs of profound cachexia, and gelatinous exudation about the 
throat, pericardium, and pleuvje. 

Some of our sheep died after infection with nagana without 
showing any local symptoms, but as they were all somewhat 
cachectic, it is possible that nagana was not the sole cause of death. 
On the other hand, two of our .sheep recovered. One of them was 
carefully watched from day to da}' ; its history was as follows : 

The infection lasted six to seven months. The disease started 
two days after inoculation with a rise of temperature, which on the third 
day reached 41*5° C. | iu6*8° F.]* ; on the same day trypanosomes were 
seen on microscopic examination, but ihis was the only day on which the 
microscopical examination was positive. 

For the next four months the temperature remained high, with several 
rises to 41® C., and the animal wasted considerably. At first the blood 
was almost always virulent for the mouse in doses of a few drops ; the 
incubation period for the mouse was four to eight days, so that the 
trypanosn/nes inoculated must have been very few. During the fourth 
month the blood was no longer infective in doses of i c.c., but it became 
infective again later. The fifth month, although trypanosomes were still 
present in the blood, and the temperature was considerably raised (about 
40® C.), the sheep gained in weight. At the end of the .sixth month its 
condition improved, the temperature coming down to 39® C., and the 
blood became gradually less infective, so that sometimes there was 
not a single trypanosome in i c.c. At the end of the seventh month 
5 c.c. of blood fiiiled to infect tw^o rats, so that the animal may be con- 
sidered cured. It was immunized. During the six and a half months 
that the disease lasted the animal did not .show the least sign of 
cedema. 

' this great rise during the first week occurred with all our goats and sheep. 
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Lignieres, working with our virus, found that Argentine sheep 
become infected, but recovered in less than three months. 

Bradford and Plimmer’s goat which died in two months had 
(edema of the genital organs and opacity of the eyes. 

We have inoculated a nanny goat and a billy goat. The billy goat 
succumbed very rapidly after a severe infection, but we cannot say 
with certainty whether death resulted from the infection or was due 
to some other unknown cause. 

The history of the nanny goat is particularly interesting, as it 
furnishes a proof of the non-identity of nagana, caderas, surra, and 
the Gambian horse disease. The goat ended finally by succumbing 
to the last-named infection. We append a short account of the 
nagana infection in this goat. 

Nanny goat, weighing 24} kilogrammes, inoculated October 25, 1901, 
with the blood of a mouse with nagana. A very mild infection followed, 
the symptoms being fever (rises to 41° C.), wasting (the weight fell to 
20 kilogrammes), and the presence of trypanosomes in the blood. The 
parasites were always very scanty; they could be seen on examining the 
l)lootl only on October 28 and 29, and then only in very small numbers. 
Afterwards, in order to demonstrate their presence, it was necessary to 
iTioculale the blood into a rat or a mouse. In November or December 
two or three drops of blood w^ere sufiicient. On January 3 1 and February 6, 
1 c.c. of blood w'as no longer infective. Animals inoculated on 
February 24 and March 10 with j and 2 c.c. of blood respectively con- 
tracted the infection. 

From April i injections of the goat’s blood failed to produce an infec- 
tion, in spite of large doses (up to 3 c.c.), and of the fact that the goat was 
frequently reinjected with blood containing many trypanosomes. Its 
cure and its immunity from nagana were established. 

On April 23 the goat was inoculated subcutaneously with i c.c. ot 
diluted blood from a mouse. l"rom May 8 to October 4 it received in all 
lifteen injections of blood from infected dogs. On one occasion 60 c.c. of 
blood was injected ; frequently the dose was 50 c.c., and altogether the 
goat received 500 c.c. of infective blood. During July and August 
inoculations were few and far between, the reason being that tlie goat had 
a very large abscess, which took a long time to heal. 

Later on wc shall come across this goat again in connection with 
other trypanosomiases. (Goat L). Here we may just mention that 
the animal was still immune against nagana in May, 1903, after 
having recovered from an infection of caderas, and in December, 1903, 
after having recovered from an infection of surra. 

Many other ruminants are susceptible to nagana. Thus Plimmer 
and Bradford have seen a springbok {A ntidorca^ eucliorc) succumb at 
the end of four weeks, after having showm parasites in its blood 
having exhibited nervous symptoms. The duration of the 
disease was remarkably rapid if it were due entirely to the virus 
inoculated. 

The wild ruminants of Zululand are susceptible to nagana, as 
shown by Bruce’s experiments, about which we shall speak in the 
paragraph on propagation. Bruce infected dogs with nagana by 
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inoculating them with blood from the African buffalo and variou ', 
Zululand antelopes : Tmgclaphus scripitts sylvaiicus (bushbuck), 
Caioblcpiis gnu (wildebeest), Slrepsiccros capensts (koodoo). These 
animals had been hunted and shot, and trypanosomes were never 
visible in their blood on microscopic examination. It is, therefore, 
probable that, although they have 7 '. bnicci in their .blood, the 
disease in them is extremely mild.* 

There is a belief, very prevalent amongst explorers and sportsmen, 
that animals born in the ‘fly country ’are much less susceptible 
than animals of the same species which are imported, and this is 
said to apply not only to ruminants, but also to horses and dogs, 
[GEiisi:. — Until Schilling,- in 1904, succeeded in infecting geese 
with the Togo virus, all authors, with the exception of Voges, were 
agreed that l)irds were refractory to the pathogenic mammalian 
trypanosomes. Schilling’s positive results wore obtained with the 
Togo virus, and will be considered more fully in the section dealing 
with the Togo trypanosomiases. Mesnil and Martin*^ repeated these 
observati(^ns on geese and fowls, using the following trypanosomes : 
(i) 7 '. bnicci (Zululand strain) ; (2) 7 ‘. evunsi (Indian) ; and (.-]) T, cquinnm 
(cadcras). One goose inoculated with 7 '. bnicci became mildly 
infected- -the infection lasting about three months, and resulting in 
the immunity of the bird — but all the other experiments yielded 
negative results. In the only positive experiment, the trypanosonu's 
were never found on microscopical examination of the blood, but 
the blood was infective for guinea-pigs. [ 

[Goebo!^ has recently succeeded in infecting fowls with the 
Zululand 7 '. bnicci by injecting 2 c.c. doses of virulent guinea-pig 
blood. The fowls never showed trypanosomes in blood-films, but 
the blood was virulent for guinea-pigs as long as fifty-five days after 
the birds were inoculated. The fowls became immuni/ed, and when 
their blood was no longer infective, reinjection failed to reinfect.] 

Section 2. — Pathological Anatomy. 

Nagana is one of those diseases in which very few lesions are found 
post-mortem. Most authors mention hypertrophy of the spleen as 
the only constant lesion. It is always present in rats, mice,'* and 
dogs,*M)ni; is rather rare in guinea-pigs and rabbits. According to 
Bruce, it is equally present in the larger domestic animals. As a 

* Comp.’ re tilt* susceptibility of the buffalo to the trypanosome of Togo noted 
by Maii'.ni (second part t>f this chapter). 

^ Schdlini^, n. tL kaiserl. Gesund,^ v. 21, pp. 476-536.] 

Mesml and Martin, ( 7 . /\\ ^oc, /h’o/., v. 60, 1906, p. 739.] 

(loebel, C. /\\ Soc. v. 61, 1906, p. 321. ) 

1 ht: spleen of a normal mouse is about .jJ,j of its weiglit {7 centigrammes in 
a mouse we;yhin;4 zo grammes) ; tliat of a mouse which has died of nagana 
IS , ‘i,, of Its weight. It is, iliercfore, increased threefold. 'Fhe spleen of a rat witli 
nagana is very variable in weight : sometimes its weight is trebled, at other times 
It IS incif^ased tenfold. 

T'.c noimal spleen of a dog is about of its weight. In a dog with nagana 
it is somctimiis doubled, in others quadrupled in weight. 
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^rencral rule, wc may say that enlargement of the spleen is most 
marked in those animals which have shown a very large number of 
trypanosomes in their blood during life. [Occasionally in guinea- 
pigs the enlarged spleen may become so soft that it ruptures, either 
spontaneous!}^ or as the result of the animal being handled. ^ In the 
rat hypertrophy is due to congestion of the organ, no appreciable 
histological changes being visible on microscopical examination. 

In smears of the spleen and liver, the numerous parasites present 
are (jften deformed, if the autopsy has not been made immediaidy 
after death. The parasites are often arranged in groups suggesting 
reproduction forms. 

Kanthack, Durham, and lUandford, and Plimmer and Bradford, 
have drawn particular attention to the enlargement of the lymphatic 
glands, especially of those nearest to the site of inoculation. 

This hypertrophy is indeed marked, but, contrary to the opinion 
of the two last-named authors, it does not appear to us to be 
associated with a considerable multiplication of the parasites in silii: 
as a matter of fact, they arc rather scanty in the glands. 

In a splecnless rat which died of nagana the lym[)hatic glands 
on the side inoculated were considerably enlarged, but not more so 
than those of a control rat with nagana. It is said that animals 
which become infected by eating virulent material always show 
enlargement of the glands in the region of the head or neck, which 
l>rovcs— so say these authors — that the infection first enters the 
system through an abrasion of the mouth or nostrils. At the 
autopsy on horses which have died of nagana hypertrophy of the 
spleen and liver, yellowish gehitinous infiltrations under the skin and- 
inncoiis membranes and between the muscles, pleural and pericardial 
exudations, and subpericardial ecchynioses are found. 

At the autopsy on our horse, made eleven hours after death, the 
lesions were insignificant. The spleen did not appear enlarged 
(weight ~ 150 grammes), but its surface was uneven and covered 

with dark brown mottling; 200 c.c. of pale red lliiid was present in 
the pleural cavities, and 150 c.c. in the pericardium, both containing 
a few trypanosomes. There were some ecchyrnoses under the 
pericardium and endocardium; the myocardium and all tlie other 
organs were normal. 

[ Martini made the interesting observation that the corebro-spinal 
fluid may be increased in equines dying of tsetsc-lly disease, and that 
many trypanosomes may be found in the corebro-spinal fluid 
immediately after death. In this respect, as well as in the typical 
bent attitude, the tsetse-fly disease of the horse and donkey resembles 
human trypanosomiasis (sleeping sickness). Martini also found 
trypanosomes in the fluid in the anterior chamber of the eye in 
animals with corneal opacity (dog, cat, rabbit). Jakimoff found 

^ [baveran and Mesnil, Markl, Nabarro and Stevenson, and Sauerbeck have 
seen this ha])pen.] 
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several of the body fluids of experimental animals infective on 
inoculation — the cerebro - spinal fluid, pleural, pericardial, and 
peritoneal exudations, bile, and subcutaneous cedema fluid. The 
urine was not infective.] 

At the post-mortem on the young pig which died of nagana after 
showing very marked paralytic symptoms we found the following 
condition present. The bones of the spinal column were softened 
so that the vertebrae could easily be cut with a knife. This 
softening of the skeleton, a true osteomalacia, explains how, under 
the influence of the paralysis and of the faulty position of the hind 
limbs which followed it, a very marked arching of the back in the 
dorsal region was produced. The lower part of the spinal cord was 
surrounded by a gelatinous exudate, a partially coagulated serous 
effusion analogous to that found in the pericardium and subcutaneous 
tissue, but there was no spinal meningitis. The spinal cord removed 
in its entirety and carefully examined did not show an)- macroscopic 
changes — there were no patches of softening. The medulla 
oblongata, cerebrum, and cerebellum appeared normal. The spleen 
was not enlarged. There were 20 c.c. of straw-coloured fluid present 
in the pericardium, and a little in the pleural and peritoneal cavities. 

Finally, we may note that from the time an infected animal dies, 
and sometimes even during the agony, the trypanosomes which it 
contains diminish in vitality. Twenty -four hours after death, 
especially in small animals, there are no longer any active parasites 
in the blood or internal organs. They may, however, be present in 
very small numbers, for the blood is sometimes still virulent. 

[Since IQ04, numerous investigations have been carried out on the 
changes produced in the blood, and on the microscopical appearances 
seen in the various organs of animals infected with nagana. Amongst 
those dealing ’ with the blood changes may be mentioned the 
researches of Goebel and Demoor,’ Markl,- Massaglia,* Mayer,'* 
Nissle,’* Sauerbeck,^’ and Jakimoff.* The papers dealing with the 
pathological histology of, and the distribution of trypanosomes in, the 
internal organs are those of Baldwin,'^ van Durrne,’^ Halber.stacdter,^*' 

^ [O. (»o('be! and A. Denioor, A/i//. Stfr, de Mtd, dc Gand. [906, pp. 137-148. 
Sec also Mesnil, abstract in Bull, Jnsi. Aw/., 1906, v. 4, p. 667.] 

- I Markl, a Vv/Zn «//>. /. Bakter,^ I, Grig., v. 37, jj. 530. J 

■’ [A. Massaglia, BolL A’. Acoid, mcd. di Ge/unui, 2i.st ycai-, No. i., 1904 ; see 
abstract by Mcsnil, Bull. Inst. Pas/., v. 4, 1906, pp. 667, 668.) 

* [Mayer, Zcitschr. f. Path, u, T//er.y v. i, IQOS-] 

Nissle, Arch.f. v. 53, 1905, pp. i8t-204 ; and v. S 4 , 1905, pp. 343 - 353-1 
Sauerbeck, Xeilscftr. f. Jlyt^. //. Jnfekiions.^ v. 52, 1905, pp. 31-86 ; see also 
abstract by Mi-snil, Bull. Inst. Past., v. 4, 1906, pp. 317, 318. In the llriiebn. d. 
all^cm. Path. u. p'llhol. Anal, des Menschen, u. der Tiere, v. 10, 1906, pp. 305- 
379 ^ Sauerbeck gives a long rc.sunn 5 of our knowledge of the trypanosomes, as well 
as an extensive bibliography.] 

' [W. L. JakimolT, Centralb. f. Bakler., I, Kef., v. 38, 1906, pp. 13-1O.] 

Baldwin, Awv;. /w/<V. Vis., v. i, 1904, pp. 544-550.] 

[\'an Dnrmc, Ann. Sne, de Mid. de Gand, 1905, p. 231 ; Arch, de Parasil., 
V, 10, 1906. p. 160.] 

[Ibilbenstaedter, Centralb.f. Bakter., I, Grig., v. 38, 1905, pp. 525-532.] 
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Massaglia,^ Neporojny and JakimofF,® Prowazek,-' Rodet and Valid/ 
and Sauerbeck^]. 

[BLOOD-CHANCiJiS. — Coincident with the first appearance of the 
trypanosomes in the blood and with their multiplication in it, there 
is a diminution in the number of the red blood-corpuscics, which in 
extreme cases may fall to one-third of the original number. As a 
rule, the corpuscles themselves look normal, but Nisslo has described 
various pathological changes in them (alterations in shape, poly- 
chromatophilia), and also very varied endocorpuscular forms of the 
parasite. These, he says, are to be seen in the blood when the 
trvpanosomes are undergoing destruction either spontaneously or as- 
the result of injections (B. prodi^rioms, trypanred, etc.)] 

[The leucocytes are always increased, but Goebel and Demoor 
state that at the outset there is a marked leucopenia. At first the 
polymorphonuclears are increased and the mononuclears relatively 
diminished, but soon the polymorphonuclears are diminished (from 
78*5 to 38 per cent, in a dog, Jakimoff), and the mononuclears arc 
increased (15 to 48 per cent, in the same dog, Jakimoff). There is 
no cosinophilia.] 

[jakimoff found that the alkalinity of the blood is diminished in 
dogs infected with nagana, caderas, and dourine. Martini found 
that the blood of nagana animals is diminished in coagulability. 
The blood-proteids undergo the same changes as in bacterial 
infections, the ratio of albumin to total globulins falling from 1*5, or 
2 to T (Mayer). At death there may be liptemia (Massaglia), as 
Mayer has also shown in the cases of dogs with caderas.] 

[Tiiii: DiSTKinuTiON of the Trypanosomks in the Bnm . — -As 
we have already seen, the trypanosomes, once they appear in the 
l)lood, may steadily and progressively increase in number until death 
— as in rats and mice ; or they ma}" be present in large and small 
numbers alternately, being sometimes very numerous and at other 
times very scanty, or even absent in blood-films — as in guinea-pigs ; 
or the parasites may be very scanty in the blood throughout the 
infection, except, perhaps, just before death - - as in rabbits. During 
the remission stage (in the guinea-pig) Goebel and Denioor found 
the trypanosomes fairly numerous in the lymphatic glands, and very 
alnimUint in the testicles, but none could be found in the other organs.] 

[Van Durme, who examined the blood and freshly teased-up 
organs of rabbits killed at varying intervals after the onset of the 
infection, found that the parasite multiplies first at the site of 
inoculation. Thus, after intraperitoneal inoculation, trypanosomes 
are present for ten days in the peritoneum. Soon after there is an 
increase in the blood, and it is at this stage of the onset that the 


’ .See references on p. 142.] 

, Neporojny and Jakiniofif, Cenfralb.f. Bakta\^ I, Ref., v. 35, 1904, pp. 467, 4OS.] 
M Prowa/ck, Arb. a. d. kaiserl. Gesund,^ v. 22, 1905 ; see abstract by Mcsnil, 
/>*///. /«.y/. /w., V. 3, 1905, pp. 553, 554.1 

LKodet and \4illct, Arch, tned, expjr.^ v. 18, July, 1905, p. 450-494.] 
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parasites are most numerous in the blood. Shortly after this they 
are found in the testicles, which explains the orchitis and other 
lesions of the genitalia so commonly seen in rabbits. The glands 
are next infected, then the conjunctiva, the skin in the region of the 
cedematous swellings, and the nasal mucous membrane. In all 
these organs and tissues the number of trypanosomes increases 
progressively and then diminishes, pari passu with the well-known 
clinical affections shown by them. The order given by van Diirme 
corresponds almost exactly with the order of the clinical symptoms. 
The secretions (semen, conjunctival pus) are free. The spleen, 
salivary glands, liver, kidneys, suprarenal capsules, lungs, brain and 
spinal cord, lachrymal and thyroid glands, thymus, bone-marrow, 
and ovary u'riT aluuiys iic^alii'e (except once in the case of the Hrsl 
two). In the rabbit, therefore, T. bnicci may he more abundant in 
certain organs than in the blood, and these organs are precisely thcjsc 
which present functional derangements and macroscopic lesions.^] 

(llalberstaedter obtained sonuwvhat similar results in his rabbits, 
except that he ne\ er found trypanosomes in the testicle. In tlie (edema- 
tous s\vellings about the eyes and nose, trypanosomes were found in the 
altered skin cells and between the cells under the epithelium, as well as 
down in the sulx utaneous tissues, but never in the bloodvessels. In 
mic'e, on the other hand, iui found trypanosomes in all the bloodvessels in 
the internal organs, especially tlie liver, and in the skin.] 

j in other animals Prowazek and N(,*porojiiy and Jakinioir found 
masses of parasites, causing capillary cml^olisrn in the brain, lungs, and 
liver.; 

[Nabarro and (ireig, in Uganda, nearly always found subsevous 
petechial luemorrhages (pleural, pericardial, and endocardial) in tlieir 
ex peri menial animals (monkeys, dogs, guinea-pigs) dying of various 
animal trypanosomiases. Smears of these petex-hia* usually ctmlaiiied 
masses of Irypancjsomes (many more than were present in the blood (.)f 
the animal), which led these observers to concludes that the petechire were 
really embolic areas, the emboli being the masses of the parasites.-] 

[The Fi.ack a.xd the Moi>e oe Des ikuctio.x oe Trveanosomes -■ 
^lost authorities are agreed that trypanosomes are destroyed by the 
phagocytic action of various cells.] 

[rrow'a/ek Ibund all stages of destructi(m of the parasites in the poly- 
morphomiclears (and exceptionally in the cosinophilcs), as well as in the 
mononuclear s.J 

[Sauerbeck, working with rats, guinea-pigs, rabbits, and dogs, could 
not I'md any degenerating forms in the blood, but saw tliem easily in the 
internal organs, especially in the spleen, lymphatic glands, bone-marrow, 
liver, and, to a less extemt, in the lungs. Thes(j involution forms,’' Sauer- 

' l/riie aho\o account is taken from Mesnil’s abstract in />V///. /y;.s7. v. 4, 

i9oh.j 

- I I hey niade a somewhat analogous ob.scrvation in the case of dogs dying of 
piropiasniosi.'*. i he^e iinijiials also showed petechial hieinorrliages, especially 
under the pkmra, and snu^ais of these areas showed many more infected red 
corpusc les and more parasites in the corpuscles (8 to 10 were sometimes seen), 
than did the peripheral bkxKl-films.] 

[Sauerbeck dra.vs au&ntion to the similarity of the commonest involution 
forms to the Leishiuiin body, but this morphological resemblance is not sufficient 
to warrant uur putting the irypanosimiiases and tropical splenomegaly in the same 
(Jiilegory, Siiueibeck. ^larchand, and others would do. See Mesnifs abstract in 
V.v//. Jn.it. Pust.^ V. 4, 1906, pp. 317, 318.] 
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beck thinks, explain the so-called ama-boid and plasmodial I'ornis of 
Bradford and Flimmer. The involution forms of trypanosomes in the 
or‘"ans are, as a rule, intracellular. The hypertrophy and the histological 
changes in the organs are due to a phagocytic proliferation. In the 
lymphatic glands it is the cells of the lymphoid tissue wliich destroy the 
trvpanosomes ; in the spleen, the cells of the pulp and, to a less degree, 
those of the follicles; in the bone-marrow, the medullary cells; in the 
]jytj,-_.unlike the foregoing organs — it is the cndoihcUal cells of ihc capillaries ; 
and, lastly, in the lungs, the alveolar epitludiuni. Th(i cells concerned 
l^econic very large and ani»eboid. In them one or more degenerating 
trypanosomes, easily recognisable in the form of I^eishman’s bodies, may 
be found ; but often theni are only remnants, or even only empty vacuoles, 
doubtless marking the place where a parasite has been digested. The 
l elliilar hypertrophy is followed by hyperaunia of the phagocytic organ, 
and the two together give rise to enlargement of the organ. Secondarily 
there are thromboses and catarrhal descpiamation of the lungs.* | 

[Koclet and Vailet,- on the other hand, ascribe the extensive destruc- 
tion of trypanosomes in tlie spleen to an (extracellular trypanolysis. The 
method th(^y employed — that of making smears — is not a good one 
(Mesnil), as many intracellular parasites may become liberated thereby.] 

I It has been found that injection of a culture of B, prodi^^iosus 
(Xissle) or an intercurrent inicrobic infection, as with strcj)t(K‘occi 
(Massaglia), causes a rapid disappearance of the trypanosomes from 
the blood. It is possible that the scarcity of trypanosomes in the 
blood of patients in the later stages of human trypanosomiasis 
(slt:*eping sickness) is also due to the concomitant bacterial infection, 
which is frequently present as a terminal phenomenon.] 

|CnAN(;Ks IN THE Okgans. — Microscopic ('hanges have been dos«:ril)ed 
in ?(;veral of the tissues and organs.] 

[Baldwin found the spleen most afh^cted. Microscopically there were', 
congestion accompanied by hyperplasia of the reticulum of the pulp, and 
a variable degree of hyperplasia of the cells resemlding the myelocytes 
seen in the blood in certain diseases, Tliere were also present somt^ nxl 
blood-corpuscles and giant cells like those of the bone-marrow. 1'hc 
niyelocyte-like cells and the giant cells could be seen developing from 
endothelial cells of the pulp. There was also an abundant deposit of the 
iron-containing pigment, hannosiderin, which Baldwin suggests is formed 
hya hamiolytic action of a soluble toxin of the trypanosomes, 'fhe other 
ha inatopoietic organs, the glands, and the bone-marrow also showed 
hyperplasia. The lungs were engorged, and the alveoli often contained 
desquamated epithelial cells and granular exudate.] 

[Neporojny and Jakimoff found the spleen enlarged in all their animals. 
Microscopically some Malpighian bodies were enlarged, and others were 
undergoing degenerative changes. The lymphatic glands were enlarged 
in chronic cases, and in such cases the bone-marrow was red. U'he lungs 
i'howed considerable microscopic changes, the capillaries being filled with 
trypanosomes, and sometimes even the larger vessels were thrombosed 
from the same cause. The kidneys and the liver showed the most marked 
changes. In the former there was congestion of the cortex, often with 

’ [This catarrlial des<|uaiiiation c^f the lungs may explain why catarrhal 
pneumonia is so frequently ii terminal phenomenon in human and several 
animal trypanosomiases.] 

•' [A. Rodei and (k Vallct, C. A’. Aout Sciences, v. 142, 1906, pp. 1229-1231 ; 
also Arch, nicd, exper,, July, 1^6.] 
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petecliial ha^rnorrhaf^es, which microscopically were found to have their 
seat in the glomeruli. The authors think that this lesion of the kidneys 
explains the fact that JakirnofF constantly found albumin in the urine ot 
infected animals, and they make the suggestion that possibly the frequent 
O'demas, fits, and drowsiness seen clinically are unemic in origin.] 

[The liver is usually enlarged and finely granular on the surface. The 
changes in it seem to occur as follows : Owing to masses of trypanosomes 
in the capillaries, the blood- flow is sluggish, and in places completely 
stopped. As a result, degenerative changes take ]dace, with atrophy, 
fatty degeneration, necrosis, and karyolysis of the liver cells and of the 
capillary endothelium. Around these degenerating areas are zones of 
inflammatory reaction with karyokinetic figures in the liver cells and in the 
endothelial cells. The latter are definitely phagocytic, engulfing and 
digesting trypanosomes and leucocytes.] 

[Ilalberstacdter, on examining the characteristic testicular swellings in 
rabbits, f(.)imd a marked round-cell infiltration between the tul)ules ; the 
epithelium of the latter was degenerating, but no trypanosomes were seen.! 

[Massaglia always found the kidneys most affected, and in a coiidititni 
of siilxiciite haemorrhagic parenchymatous nephritis, with marked degenera- 
tion of the epithelium of the tubules. The liver showed subacute hepatitis 
with fatly degeiuiration ; the spleen, lymphatic glands, and bone-marrow 
showed lesions similar to those already described.] 

Section 3, Resume of Symptoms and Pathological Anatomy. 

The variations in the symptoms and course of nagaiia in 
different species of animals will be ('Icarh' seen from the following 
accounts. 

If we were not acquainted with the pathogenic agent it would 
be difficult to believe that the very varied conditions proiluced by 
I\ briicci in the rat and mouse, in the horse, pig, ox, and goat, 
were due to the same disease. We have seen that nagana ina\ 
sometimes occur as an acutes or subacute disease which is always 
fatal, sometiities as a chronic disease which may end in recovery. 

Amongst the most constant symptoms should be mentioned 
fever, anjeniia, and oedema, but here again there are great variations 
in the different species of animals. 

In rats there is no fever or cedema, even when, by means of 
appropriate treatment {vide infra), the life of these animals is 
prolonged for two months or more. In the rabbit the febrile 
parox\'sms arc very irregular. In the guinea-pig and dog the fevtu’ 
is often of a continued type, with more or less marked morning 
remissions. The horses and cattle of Zululand suffer from remittent 
fever during the whole course of the disease. In h-uropean cattle, 
after an initial rise, the temperature falls to normal and remains so. 
In the dog the temperature is usually raised until death occurs. 
Other animals, such as the pig and monkey, die with a subnormal 
temp(irature. In the monkey, the account of which we have given 
above, the temperature fell below normal several days before death, 
and on the day the animal died the rectal temperature had fallen to 
C. F.j. 

The cedematous swellings, which are usually very marked in the 
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rabbit and horse, are less marked or entirely absent in the guinea- 
pig, dog, sheep, and goat. Blepharo-conjunctivitis, coryza, ulcerations 
of the skin, and partial loss of hair, are common symptoms in the 
rabbit, but rare in other animals. Opacity of the cornea is seen in 
certain species of animals and not in others. In the horse and 
donkey, and sometimes in dogs, there is paresis of the posterior 
extremities towards the end of the disease. The pig with which we 
experimented had almost complete paralysis of all four limbs and 
osteomalacia. Rats often die suddenly with convulsions ; this mode 
of death is much rarer in the mouse, and has not been observed in 
any other species of animal. 

The way in which the trypanosomes multiply in the blood also 
varies considerably. 

Ill the mouse and rat they increase rapidly and regularly, so 
that at the time of d(‘ath the number of parasites may be at least 
equal to that of the red corpuscles. In the dog and monkey 
the trypanosomes multiply fairly rapidly, but less regularly than 
in rodents, and rarely to so great an extent. In the rabbit 
trypanosomes arc almost always scanty, even at the time of 
deatli. In the guinea-pig there is no regular increase in the 
number of the trypanosomes. In equines the curve of the trypano- 
somes shows great oscillations, almost parallel with those of the 
temperature. In the pig trypanosomes arc so scanty that tlioy are 
not foniid on microscopical examination, and it is only during the 
last days of the disease, when the temperature is sul)nonnrd, that 
the parasites multiply in the blood. In the cow, sheep, and goat, 
especially in our experiments, the trypanosomes are nearly always so 
scanty tliat it is necessary to inoculate susceptible animals to show 
that the blood is infective. 

The i)athological anatomy of the disease also differs in different 
animals; thus splenic hypertrophy, which is constant and well 
marked in rats and mice, is very generally absent in rabbits. 

Why does nagana present such variable symptoms in different 
animal species ? 

There are evidently many factors which may increase or diminish 
the virulence of T. hnicci. The facts we have adduced above suggest 
that the virulence of T. hnicei for rodents has increased as the result 
of numerous passages through these animals which, in preference to 
others, are used in laboratories for the preservation of the jiarasite, 
and that at the same time the virulence has diminished for other 
species — Bovidas, for example. 

The virulence of trypanosomes may be somewhat attenuated by 
passage through different species. Wc have quoted instances of 
this — e.g., nagana in mice, rats, and dogs, produced by a trypano- 
some which had been for a long time in the pig or the sheep ; but 
7. brucei readily adapts itself to its new conditions in passing from 
one species to another, and in all cases it rapidly regains its natural 

10 — 2 
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virulence. Wc shall return to this subject in the paragraph upon 
immunization. 

The tr)^panosome of nagana evidently finds the blood of certain 
animal species a more favourable medium for its multiplication than 
the blood of other species; but this explanation merely alters tho 
form of the question. Why is the blood of certain mammals a 
better medium for T. brncci than that of other mammals? 

The temperature of the animal seems to play a part. 
trypanosome of nagana cannot withstand long exposures to a 
temperature of to 41^^ C. in vitro, and no doubt the same thing 
is true in vivo, 

Whc?n the temperature of an infected animal is raised (40'- to 
41° C.), the trypanosomes are seen to diminish in number, and when 
the temperature falls, the parasites begin to multiply again in thi- 
blood. This explains the almost parallel oscillations, in the Equida, 
of the number of trypanosomes and of the temperature ; after the 
febrile paroxysms the curve of the trypanosomes falls. 

In the young pig of which an accotmt has already been given 
the effect of temperature is evident. The pig had a normal rectal 
temperature of 40^ C., and during the whole of the disease the 
trypanosomes were so scanty that they could not be seen (;n 
microsc(.ipic examination, but some days before death the temperature 
fell, and at the same time the trypanosomes multiplied in the blood. 

The high temperature of birds appears to play an imj^ortant 
part in rendering them refractory to nagjina ; [but, as we have 
seen, Schilling, Mesnil and Martin, and Goebel have succeeded in 
infecting geese and fowls, so we can no longer consider birds 
absolutely refractory to mammalian trypanosomes]. 

The effect of tt^mperaturc upon T. hnicci only partially explains 
the facts ; it is certain that other factors help to modify the course 
of nagana. 

Human serum injected into infected animals causes the trypano- 
somes to disappear, at least for a time, and this property of human 
serum no doubt depends upon the natural immunity of man against 
nagana. One may ask whether the leucocytes of certain animals do 
not contain a substance analogous to that which gives to human 
serum its remarkable properties, but in too small a quantity to 
give the serum of these animals an action upon T. brncci com- 
parable with that of human serum. 

How docs the T. brncci act? An infection so intense as that 
found at the moment of death in rats, mice, and certain other 
animals, leads to the natural supposition that such an enormous 
number of parasites must produce serious and even fatal effects upon 
the general nutrition. Hut we must not forget that rats infected with 
r. hxvhi may also have a very large number of parasites in their 
blood without apparently suffering any inconvenience. And, more- 
over, in tlie experiments on treatment with arsenic, of which we 
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shall speak later, rats have lived for more than a fortnight with 
almost as many trypanosomes as red blood-corpuscles in their blood. 

In animals which survive for a considerable time there is marked 
annemia, but it is never sufficiently pronounced to be the solo cause 
of death. [Jakirnoff also thinks that the blood-changes fouml by him 
are not sufficient to account for the fatal issue. He says death may 
be due to a number of causes: (i) Well-marked histological changes 
in all the parenchymatous organs and plugging of the capillaries 
with trypanosomes ; (2) poisoning by the toxins of the tryj)ano- 
soines; Cj) oligocythc'ernia ; and (4) uraemia, for during the disease 
he always found albumin in the urine.] 

The trypanosomes, when they occur in very large numbers in the 
blood (as in the last stage of the disease in rats and mice), may act 
mechanically by plugging the small vessels of the brain or bulb. In 
this way is probably to be explained the rapid death, accompanied by 
convulsive movements, which is common in rats. But this is not 
always the casc,^ and moreover, in many animals which die of 
nagana trypanosomes may be very scanty during the whole course 
of the disease, as, for instance, in the rabbit. Consequently one is 
almost forced to admit that the trypanosomes produce a toxin 
which gives rise to the febrile paroxysms, the pareses, the disordca's 
of nutrition, the apathetic condition, and linally dtsith. It is possible 
that the nervous .system of certain animal specie.s is more susceptible 
than that of others to this toxin, and this would explain the pre- 
dominance of a particular symptom in a particular species of animal. 

Kanthack, Durham, and Blandford, and later we ourselves, have 
tried to prove the existence of such a toxin. 

(1) Ihc fresh serum of infected animals filtered through a 
Berkefeld filter; (2) blood or serum kept for several days in order 
that all the trypanosomes should be dead ; (3) blood in which the 
parasites had been killed by heating to 50'" C. ; (4) extracts of the 
organs of jinimals which had died of nagana ; and (5) extracts of 
tiypanosomcs from the blood of the dog or rat separated, as much 
as possible, from the red corpuscles by centrifuging, then exposed 
to a temperature of 42*^ C. for sixteen hours or dried over sulphuric 
acid, did not, even in enormous do.ses, produce any toxic symptoms 
in animals when inoculated, either under the skin, or, as we have 
done, into the brain. Blood very rich in trypanosomes, enclosed in 
a collodion sac, and inserted into the peritoneal cavity of a guinea- 
pig and of a cat, produced no effect. The whole of the blood of a 
very sick rabbit was inoculated into a healthy rabbit without 
producing any immediate .symptoms of acute intoxication. 

of 1^^^ obtained some evidence of a toxin formation in cultures 

• orucet. He lound that the first two or three subcutaneous injections 

trypanosomes might possibly be present in the small vessels in some 
in sections i I-cishnian bodies - which is not very easily recognisable 

[McNeal, Infec. Dis,^ v. i, 1904, p. 538.] 
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of an attenuated culture into guinea-pigs produced no local effect, but only 
a slight general effect. Later injections, however, produced both local 
effects (ulceration) and general effects (rapid rise of temperature).] 

[Mayer 1 was unable to prove the presence of a soluble toxin, but found that 
precipitins occur in the blood of nagana dogs. 7\ brticd treated with trypsin 
for three days at 37° C. furnishes on filtration a liquid which, when mixed 
with the serum of a nagana dog (0*1 to 0*5 extract with 0*5 serum), gives 
a turbidity in less than an hour, and later a precipitate. Trypanosomes 
not treated with trypsin do not furnish this * precipitinogen.’ The same 
‘precipitinogen’ liquid remains clear when mixed with the serum of a 
caderas dog, thus showing the specificity of the reaction. Mayer thinks 
this reaction may be of use in comparing allied trypanosomiases.]- 

Amongst the factors which may inlluence the course of the disease 
and its severity must be mentioned the race of the animals, and, 
probably, heredity in countries in which nagana is prevalent, 'flic 
wild animals of Central Africa — buffaloes, antelopes, etc. — although, 
susceptible to nagana, can multiply in those districts in wliicli the 
tsetse-ily abounds. 

Finally, it may be mentioned that animals which arc old, badly 
nourished, or in a feeble condition, live a shorter time, llorsc's and 
cattle suffering from nagana live for a considerable time if not allowed 
to work. 

It would be a mistake to attribute the survival of animals, such 
as cattle and goats, to the effects of treatment or to the use of an 
attenuated virus, without bearing in mind the variable siiscei)tilulity 
of animals for 7'. hnicci, and the fact that cattle and goats may 
recover spontaneously. 

Animals which recover arc immune. This fact alone is suflicient 
to .show the necessity for studying the evolution of nagana in 
different species of animals. That study should servo as a basis for 
researches having as their aim the treatment or the prevention of 
tile disease. 

Section 4.— Morphologry of Tvjfpmiosoma brurei. Effect of 
External Agents (Heat, Cold). Cultures. Agglomeration of 
the Trypanosomes. Involution Forms. 

T. brncci in thk Blood or Infectkd Animals. -Tn fresh blood 
T. brncci appc.'ars as a small, very motile worm-like body, with an 
undulating membrane and flagellum. When its movements become 
sluggish, as happens quickly in ordinarj^ preparations, the wave-like 
undulations of the undulating membrane are well seen. The 
parasite usually moves with the flagellar end foremost, so that this 
must be regarded as the anterior extremity. The posterior extremity 
varies in shape : sometimes it is drawn out, sometimes rounded off 
or truncated. The movements which are produced by the un- 
dulating membrane and the flagellum arc not very extensive. The 

‘ ^l\,\\vx/y.€ifKhr./. c.vp. Thcr. u. PatJioL^ v. i, 1905.] 

‘ [Quotfd from MesuiTs abstract of Mayer’s paper, I>ulL InsL Past.^ v. 3» 
1905, p 681. J 
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parasite does not move about much in the field of the microscope ; 
neither does it show the darting, arrow-like movement of Icwisi. 

In the fresh condition neither the nucleus nor the gramdes, 
which are clearly seen after staining, can be distinguished. Never- 
theless, neutral red, toluidin blue, and methylene blue stain the 
granules in the interior of living trypanosomes : but when the action 
of these substances is continued for a certain time, the parasites are 
killed, and the staining becomes general. 

All the trypanosomes arc approximately of the same length in the 
blood of any particular animal. Very small forms are not seen side 
by side with the large ones, as in the case of T, Iciuisi during the 
stage of multiplication. The only variation noticeable is that certain 
trypanosomes arc broader than others, and that thrx have two 
undulating membranes; these are forms in process of division, with 
which wc are not concerned at the present moment. 

According to Bruce, the trypanosome of nagana assumes diff u'ent 
forms in the blood of different animal species. In the dog the 
parasite is relatively short and stumpy, with a l>hmt posterior 
extremity; in the horse it is almost twice as big, anti the posterior 
oxlremity drawn out and pointed. 

According to Plimmer and Bradford, the dimensions of the 
parasite vary with the period of the disc^ase and the spc.'cies of 
animal : the largest forms are seen in the rat at tl'.e moment of 
dtx'ith, the smallest in the rabbit during the early days of the disease. 
We have studied T. hvucci in different animal species rat, mouse, 
guinea-pig, rabl)it, dog, horse, donkey, sheep, and goat — and we have 
not seen such marked differences as are recorded by those observers. 

When the parasites are examined only in fresh blood, it is easy to 
fall into error with regard to their si/e on account of the variation 
ill si/e in the different animal species of the red corpuscles, which 
one uses instinctively for the purpose of comparison. Tims, in the 
goat the diameter of the red corpuscles is only 4 to 4*5 /«, in the 
mouse 5‘5 /< to 6 /x, and in the rabbit 0//. to 7 fx] consequently;, if one 
examine trypanosomes in the blood of these three animals, the 
tendency will be to regard the parasites as larger in the goat and 
mouse tlian in the rabbit. In order to obtain an accurate estimate 
of the si/c of trypano.somes, it is necessary to measure them in- bipod 
prcj)arations well fixed and stained. In that way we liave shown 
that T. hnicci has approximately the same si/e in the rat, mouse, 
guinea-pig, rabbit, and dog — namely, 26 /4 to 27 /a long (ilagellum 
included), by 1*5 /a to 2*5 /a wide. In the horse and donkey the 
parasite is longer, varying from 28 /a to 33 /x, its width being about 
the same.* 

' 'I’his pass?age is quoted from our pn.pcr in the //;///. Ins/. Pas/., January, 1902. 
We have never altered our opinion on this ])oint, as might be supposed from a 
sentence in the recent ])apcr of Rabinowilsch and Kempner. In our note of 
mwember 17, 1900, we gave the length as 30 fi to 34 /x, as at that time wt: had seen 
the trypanosome only in the blood of the horse. In our note of March 23, 1901, we 
gave 25 ft to 30 fi as the length of the trypanosomes seen in the blood of the rat, 
nunise, dog, and rabbit. The figures we have given since are simply more exact. 
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When the blood is centrifuged, the trypanosomes gather together 
at the upper part of the layer formed by the red corpuscles. 
Kanthack, Durham, and Blandford recommend this procedure when 
looking for the parasites in a blood in which they are very scanty. 
If the blood contains very many trypanosomes, the parasites form 
an obvious whitish layer. In this way the parasites can be obtained 
almost pure. 

Trypiviosoma bviicci in Staini*:i> Pkkuakations (Fig. 4 in coloured 
plat(j). — After staining by the method given in Chapter 11 . , the 
structure of 7 '. hnicci can be well made out. 

The protoplasm stains a deep blue, and, as a rule, very 
large dccply-stainiiig granules are seen in it, especially in the 
anterior half of the body (Fig. 22, /). The posterior extremity of 
the parasite often has the appearance of a truncated cone. The 
nucleus, situated about the middle of the body, is elongated; in its 
interior are numerous granules staining more deeply than the chief 
chromatic mass (I'ig. 22, Near the posterior extremity is the 
eentrosome (J)), staining more intensely than the nucleus; it is often 
surrounded by a small clear space. 

The llagellum, free antcuiorly ((Y),“ is continued j.>osteriorly alcmg 
the whole length of the undulating membrane (c), (^f which it shows 
up the folds, and extends back to join tlie eentrosome. Although 
the llagellum appears to be separated from the eentrosome by a 
small clear area, there is no doubt that it is continuous with it. In 
studying the involution forms later on, wc shall see that isolated 
Hagella, still attached to the eentrosome, are frequently met with 
when the protoplasm and the nucleus have disappeared. 

[The trypanosomes seen in stained films arc not always of the same 
type. Prowazek-’ differentiates three kinds of parasites in the blood, 
which are very similar in appearance to those described in the case of 
7 \ IciK'iu, and are regarded by him as indifferent, male, and female 

^ [Quite rcc(*ntly Koniilil Ross ancl J. K. S. Moore liave slated (AV//. 

January 19, 1907, p. i that on slaininj^ liijuid Idood containing T. bntcci 
and 7 '. eqnipn'diim w ith nuclear stains, such as basic fiichsin and thionin, the 
whole of the nucleus docs not become coloured, as it docs by the various modili- 
cations of the Koinanowsky method. A mucli smaller central sphere stains by 
basic fuclisili, etc., and it is suggested that this is the true chromatin portion of 
die nucleus of the trypanosome. The peripheral part of the nucleus is regarded as 
a vesicle bounded by the nuclear membrane, and usually filled up by the red 
c olouring matter of the Romanowsky reagents. Ross and Moore think that 
dieir observation tends to reopen the cytology of trypanosomes and allied 
organisms.] 

One sees a certain proportion of trypanosomes in which the protoplasm 
extends along the dagellum right to the end; in such cases one cannot, strictly 
speaking, talk of a free part of the nagellum. Those forms arc undoubtedly 
as.socialed with repeated subdivision. Moreover, after the division of a trypano- 
some widi free llagellum, as a rule one of the two individuals retains the free part 
of tile original llagellum ; the other has, therefore, at first a flagellum without a free 
portion. The occurrence of such forms is not the rule with T. although 

is, as wo shall sue later on, with T, diuwrphon (Chapter VII.). 

[I rowazek, ArO, a, d. /c^i/scr/. (Jesiuid,, v. 22, 1905.] 
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forms. Prowazek also de.scribcs the same complexity of structure in 
T. britcei as in T. Icwisi (see p. 69).] 

Multiplication Forms. — Bruce states that multiplication takes 
place by longitudinal division, but he dismisses the subject in a few 
words. 

Kanthack, Durham, and Blandford did not see any multiplication 
forms of the parasite. They record the occurrence in tlic lymphatic 
glands, in the bone-marrow, and in the spleen, of small forms 
I /t to 2 !>■ in diameter, oval in shape, and with or without a 
sliort ilagellum, which they look upon as young forms of the 
parasite. 

According to Plimmer and Bradford, there are two modes of 
reproduction for the trypanosome ofnagana: (i) direct division (longi- 
tudinal or transverse) ; and (2) reproduction precedeil by conjugation, 



FHi. 22.— ‘MULTirLICATION OF T. biucci. 


I. Tryjianosomc of nagana (i/, nucleus; b, centrosomt^; c. umlulating nicnibrane ; 
r/, ilagellum). 2. Tlie same trypanosome at the commencement of (li vision (there 
are two centrosoimis, and tlic tlagellum and nucleus are undergoing divi.sion). 
3 . 4 i 5. More advanced stages of division. (Magnified about 2,000 diameters.) 

resulting in the formation of amceboid and plasmodial masses which 
are found in the spleen. These latter forms are said to give rise to 
flagellated parasites by a process of segmentation. The second 
mode of multiplication is stated to be commoner than the former.. 

We have seen above that, on examining fresh blood, large forms 
Jire seen which have two undulating membranes, and sometimes two 
flagella. The simple observation of fresh blood shows, therefore, 
that multiplication by longitudinal division takes place. To study 
the different phases of division it is necessary to examine stained 
preparations. In animals infected with nagana dividing forms are 
dhvays seen in the blood. The study of those forms is, therefore, 
easier than in the case of 7 \ lewisi^ which has a very limited period 
of multiplication, after which only adult parasites are seen in the 
blood. 
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Fig. 22 (2, j, and 5) represents different stages in the division 
of r. hrucei} A trypanosome about to divide increases in size and 
enlarges in all dimensions. The centrosome, flagellum, nucleus, 
and protoplasm successively divide, the centrosome always dividing 
first. 

1. Division of the Centrosome and Fla^cllunir — The centrosome 
becomes elongated, then divides into two small rounded bodies, 
placed, as a rule, one above the other (Fig. 22, j) ; at the same time 
the adjacent part of the flagellum thickens and divides. 1^'ig. 22 

and f) shows different stages in the duplication of the flagellum. 
In Fig. 22, the new flagella are separate up to the point where the 
flagellum becomes free, but sometimes the flagellum divides through- 
out its whole length. 

2. Division of the Nitclcns. — The nucleus increases in size, 
and becomes elongated ; the chromatin collects at tlie extremities 
(b'ig. 22, j), and finally the two daughter nuclei separate (direct 
division). At first close together, the nuclei soon separate from one 
another (Fig. 22, and ./). They are usually oval in shape. 

3. Division of the Protoplasm,- -The. |)rotoplasm diviiles into two 
almost ecpial parts around the nuclei. In well-stained jireparations 
this division is very obvious ; a clear space separates the tuo masses 
of protoplasm, which are stained blue. 

The two parasites remain close togetlun* for some time, and 
this e.xplains the large forms with two undulating membranes seen 
in fresh blood. 

The parasite remains active througliout the whole period of 
division, motility being only slightly diminished. 

The division of the cytoplastn may begin [it the anterior part of 
the body, as in Fig. 22, 5, or at the posterior. It sometimes happens 
that the two parasites resulting from the division of a trypanosome 
themselves subdivide lieforc the division of the cytoplasm is complete, 
but such cases anj very rare. 

We have carefully examined the peritoneal fluid, the lymphatic 
glands, and the spleen of animals inoculated intraperitoneally, but 
we have never seen either multiplication forms or the small forms 
which Kanthack, Durham, and Blandford have described as voung 
T, hriicctC Moreover, wc have not met with the amceboid or 
plasmodial forms of Plimmer and Bradford. When studying the 
agglutination of the trypanosome of nagana and its involution 
forms later on, we shall have occasion to return to this question, and 
shall show how Plimmer and Bradford were led to believe in the 
existence of conjugation and plasmodial forms. 

The method of multiplication of 7\ brncci is in reality very 
simple; it ah\ays occurs by longitudinal division, and after the two 

‘ Lax'eran and Mesiiil, ‘On the Mode of Reproduction of the Trypanosome of 
' cic March 23, 1901. 

" (lor recent accounts of the details of division of 1 \ brucci see later.] 
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resulting trypanosomes separate, they are almost of the same size. 
The multiplication forms in fresh blood differ from the ordinary 
forms only by their greater width, which explains how observers, 
who had not at their disposal a method of staining by which they 
could study the different stages of fission, came to err regarding the 
mode of multiplication of these parasites. One is always inclined to 
look for small forms as multiplication forms of a parasite, but in this 
case, as a result of the particular mode of subdivision, the young 
forms arc almost as large as the adult. 

Schilling and Martini,^ who have studied the Togoland virus, 
have, like ourselves, observed only one mode of division, namely, 
longitudinal fission. 

[According to Prowazek’s recent researches {loc. r//.), the details 
of the division of 7'. hrncei, as of T. Incnsi, are very complicated. The 



I'lf’.. — l.)jiTAJI.S J,N THE DIVISION OK NUCLEUS ANO CkNTKI>SOME OK T. hlUCd, ^ 

I, Division of the cenlrosomu. j, Division of the nucleus. (After I’lXiwa/.ok.) 

centrosome becomes thickened and elongated, and subsequently 
dumb-bell shaped. The two thicker terminal portions then separate, 
but remain conneettMi by a slender thread (see Fig. 2j, /, j). The 
nucleus also enlarges ; its chromatin l)ccomcs grouj)cd into eight 
rod- shaped chromosomes, which divide in a similar fashion to the 
centrosome. The nuclear karyosome (karyocentrosoiiie) has usually 
divided at this stage. I'ig, 23, shows the karyoceutrosome drawn 
out with the chromatin grouped around its two ends. The chromatic 
granules in the protoplasm may also divide, as in Fig. 23, j.] 

[As in the case of T. Icwisi^ Prowazek maintains that the flagellum 
docs not divide,- but that the wdiolc of the flagellar apparatus is 
derived from the new centrosome. He found that the nucleus, 

* Martini, Xeitschr. /. v. 42, 1903, pp. 341-356, and Festschrift sum 60'" 

<^jetmrfstaife von /v\ Koch^ Jena, 1903, p. 219. 

* [McNeal says llic .same thing of T. bruceixn cultures.] 
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centrosome, flagellum, periplast or ectoplasm, and the special 
‘ myoneme,’ or fibrillary layer surrounding the body, withstand the 
digestion of phagocytosis the longest. From this observation he 
concludes that all these structures are of nuclear nature and origin.] 

[Although the sexual phases of this trypanosome would normally 
only occur in the appropriate tsetse-fly, Prowazck occasionally, 
though rarely, observed the maturation process of female parasites 
in the blood. This, he states, consists of two divisions of both 
nucleus and centrosome, only one of the four elements of each kind 
persisting. In one case, in the blood of a guinea-pig just dead, 
Prowazck saw the process of conjugation completed on the slide, and 
he found several stages in a stained specimen of the blood.'] 

[The Mokuhologv of the Trypanosomes in the Tsetse- 1 'lv. 
- ■Koch- has described two wt.'ll-marked forms of the parasite in the 
digestive-tube of infected tsetse-flies (67e.sM/ar uiorsitaini and GLftifica). 
(i) Large forms, with abundant cytoplasm staining dark blue, and with 
a large, round, reticulated nuckius; and ( 2 ) thin, elongated forms, with 
feebly-staining protoj)lasin, and a long rod-shaped nucleus composed 
of a homogeneous mass of chromatin. These Koch regards as female 
and male forms respectively. Koch states, moreover, that the sexual 
forms of I\ hnicri in G/. ntnnilans and CLfiisca are distinct from 
those ot r. <;am/iicusc in (U. pulpaUs, and that these <lifferences in the 
evolution forms will serve to differentiate the pathogenic mammalian 
trypanosomes.] 

[Novy,*^ from his observations on the flagellates of rnos(|uitoes 
and ot tsetse-llies, thinks that the forms descril)ed by Koch as 
resulting from the development of 7'. hnicei and '/'. ^iinihicnsc in 
Glossimi, have really nothing to do with these flagellates. As 
Minchin had previously shown, they are probably ‘ w'ild ’ or native 
trypanosomes of the tsetse-flics.] 

Differential Didi^nosis of T, hnicci from Allied Trypanomnes . — 
In Chapter IV. we drew attention to the differences between 
T. bnicci and T. Icwhi. The reader is referred to subsequent 
chapters for the differences between 7\ hnicci and the other patho- 
genic mammalian trypanosomes. 

The Preservation of T, hnicei in the P>lood in vitro , — 
According ^ Pruce, the blood of animals infected wdth nagana is 
still infective four days after it has been collected in vitro^ provided 
it is not allowed to dry. Dried blood w^as sometimes still infective 
at the end of twenty-four hours, but that was exceptional. 

Kanthack, Durliam, and Blandford found that T, bnicci may 
remain alive in intro from one to three days, e.xceptionally from four 
to six days. 

In preparations of blood ringed with vaseline Plirnmer and 

* [From MesniPs abstract in AV///. Ins/. Pasf.^ v. 3, 1905, pp. 553, 554.] 

“ [ Koob, iL K. pr. Akad. d, IV/ss.^ v. 4b, 1905, p. 958. ] 

® i Novy,yt»///7z. I/r/ce, JHs.^ v. 3, 1906, pp. 394-41 i.J 
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Ikadford sometimes found living trypanosomes at the end of five to 
six days. Blood collected aseptically and preserved in contact with 
oxygen remains virulent for at least three days, according to the 
same observers. 

Blood containing T. brucci collected aseptically, mixed with 
citrated salt solution, and kept at the temperature of the laboratory, 
may be still virulent at the end of three days. Such a result is not 
constant, however, and blood kept for only forty-eight hours may 
sometimes be found to have lost its virulence. 

We have already seen that in animals inoculated with trypano- 
somes preserved in vitro the appearance of the parasites in the 
blood is considerably delayed. It is very important to remember 
this fact in these experiments, otherwise tme may record as negative 
inoculations the results of which are really only delayed. 

Trypanosomes keep well and remain active for a longer time in 
blood mixed with serum than in pure blood. We have seen trypano- 
somes still active at the end of three days in deiibrinated rat’s blood 
mixed with an equal quantity of horse serum, whereas in pure blood, 
even at the entl of twenty-four hours, no living trypanosomes could 
be seen. Human serum and that of animals resistant to nagana 
(birds) are just as useful for the preservation of try[)anosomes as 
the serums of the most susceptible animals (see later ‘ Cultures’). 

[jakiniofl’^ has recently made some similar observations. Defibrinated 
irypanosonuvcontaining blood after being kept Jbr two days at o® to 5*^ C., 
or for six days at 20^ C., was still infective for mice. The addiliou of horse 
serum to the blood had no (effect, the mixture being infective for mice after 
keeping for six days at 20^ C. The addition of 6 per cent. NaCl, on the 
other hand, was distinctly harmful. Ho found that blood diluted even 
50,000 times can still infect ; the incubation period is prolonged to fifteen 
(lays, and death occurs three days later. ThlTerent germicides killed the 
trypanosomes very rapidly : potassium permanganate, i per cent., in one 
minute; IlgCl.,, 0*1 per cent., in two to three minutes; carbolic acid, 
5 per cent., in four to five minutes.] 

The Action of Cold . — We have already drawn attention to the 
long time that T. Icwisi can be kept alive in the icc-chcst. T. brucci 
does not possess the same property, for it docs not kee]'> better in 
the ice-chest (5° to 7° C. above zero) than at the temperature of the 
laboratory. 

Blood kept for three to five days in the refrigerator has on 
several occasions giycn us negative results on inoculation. Such 
negative results may even be obtained when on microscopical 
examination some slightly active trypanosomes arc still found. 

In blood which is kept in the ice-chest the trypanosomes rapidly 
alter their shape. Later on w^e shall describe these changes of form, 
which are produced in other ways, as well as by prolonged exposure 
to cold (see ‘The Involution Forms’). Cold diminishes the activity 


^ [Jakimoff, CentralKf. Bakter^ 1 , Ref., v. 38, 1906, pp. 13-16.] 
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of the trypanosomes, but on taking them out of the ice-chest their 
activity becomes more marked. 

Although the trypanosomes of nagana cannot resist the prolonged 
action of moderate cold, they show great resistance to sudden falls of 
temperature to -50® C., —55'' C., and even C., as the 

following experiments will show. 

In all these experiments we used rats’ blood containing many T, Imicdy 
diluted with citrated salt solution. 

Expeviment i. -lllood exposed for half an hour to a toinperature of 
- 15° to - 18® C. 

Experiment 2. — Blood exposed for twenty minutes to - 15°, and after- 
wards for eight minutes to - 25^^ to - 30® C. 

Experimeut 3. — Blood exposed for half an hour to — 15®, and afterwards 
for live minutes to 50° to - 55° C. 

Experiuunt 4. — Same as preceding, except tliat the Idood was warmed 
up quickly, ami not slowly, as in Experiment 3. 

In all these cases at the end of two hours many normal active trypano- 
somes were found in tlie blood, when thawed and warmed up again to 
the temperature of the laboratory. 

Mice inoculated subcutaneously with these trypanosomes (two mice 
for each experiment) died of nagana as quickly as control mice, except in 
Experiment 4, in which the control mouse died first. 

Experiment 5. — Bat’s blood containing man}^ 7'. hrncei, diluted with 
citrated salt solution, was exposed to the temperature of lifpiid air. At 
the end of live minutes tlie tiil>e was wdlhdrawn and allowed to warm up 
again. One-quarter c.c, was used to inoculate mouse i ; the remainder was 
again exposecl for ten minutes to - lyi® C. ; after being warmed up again 
it w’as used to inoculate mice 2 and 3. Finally the blood kept for twenty- 
live minutes at — lyi® C, was used to inoculate mouse 4. On cursory 
examination, the trypanosomes in^ these experiments appeared motionless. 
They were, however, still virulent. 

]\Iousc I became infcH'ted in 5 days, and died in tjJ days. 

• ) c ^ 

»> >> »> >» 

3 »» 5 »» yv 

4 »» »» ^ »» 

„ control „ „ 2 „ „ 5^ „ 

Action nf Heat. — Two factors must here be considered: (i) the 
temperature, and (2) the time during which the blood is exposed to 
the raised temperature. 

Specimens of blood heated for three hours to 40® C., and for one hour 
and tw^enly minutes to 42® C., w'cre still virulent ; other specimens heated 
for forty minutes to betw’'een 41'^ and 44° C., and for twenty minutes to 
44*5® C., did not produce an infection in animals on inoculation. Heat- 
ing to 44® to 45® C., therefore, very rapidly kills the trypanosomes, whilst 
with temperatures of 40'’ to 43® C. prolonged exposure is necessary. 
When one examines the blood which has been exposed for an hour to a 
temperature of 41® C., at hrst sight it appears as though all the trypano- 
somes were destroyed ; the parasites are motionless, deformed, and almost 
unrecognisable by anyone who has not often seen them in this condition. 
The majority are spherical and appear dead, but blood inoculated into a 
rat or a mouse still produces an infection, only after a slightly longer 
incubation period. 
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In animals inoculated with blood heated to 40® C. from one hour and 
fifty minutes to three hours we have seen trypanosomes appear in the 
blood on the fifth or sixth day. 

Wc have already seen that the number of trypanosomes in the 
blood of different species of animals infected with nagana varies 
considerably. The temperature of the blood seems to play' an 
important part in this connection. When the temperature goes iij) 
to 40® or 41"" C., the trypanosomes diminish gradually in number in 
the general circulation. In the case of the pig recorded previoush- 
the rectal temperature was, as a rule, about 40^ C., and under these 
conditions the parasites were never seen in the blood. 

We have not only studied the action of heat and cold upon the 
trypanosomes of nagana, but \yc have submitted these* parasites, iu 
vitro, to the action of a large number of chcmicul substances, in order 
to find out, from the point of view of treatment, tlie toxic effect, if 
;iny, of these substances upon the 7 ‘. brucci (sec Section 6). 

[Action ok X Rays anp other A(;ents.— 'Exposure of liepiid prepara 
tions of blood containing active lr3'panosomes to tbci action of Roentgem 
rays, b'insen rays, and radium emanations for half to one hour was found 
by Ross* to have no harmful effect upon the parasites. l.)e Nol)ele and 
Goel)el hail previously shown that X-niys have no action in vitro in)on 
trypanosomes, and more recently thej' have found that radio-thera])y has 
no effect upon the course of experimental nagana in animals (see 
Cliaptcr XIll. on ‘ 'rreatment ’). | 

[(joehel- has studied the action of cobra venom on 7 '. bvncci. He 
finds that at 37® C., i c.c. of a i per cent, solution of venom iti physio- 
logical saline mixtxl witli <)•[ c.c. suspension of trypanosomes from guinea 
pigs’ blood, causes hremolysis and trypanolysis in fiflecn minutes. At 
ii/' ('.. it takes two hours, and at 0° C. there is no action. The Ir^^jano-- 
somes are rapidly destroyed, and no intermediate in\’olution forms are 
seen.] 

Ci;LTURES. — The brilliant results obtained by No\y and .McNc?al 
in the cultivation of 7 '. Icxtuhi led them to atterniit to cultivate patho- 
genic trypanosomes.’^ They succeeded with T. brucci. The methods 
used being the same as for T. Icxuisi, the reader is referred to the 
account given in Chapter II. The authors lay stress upon the fact 
that T. brucci grows only exceptionally^ in the condensation water of 
an agar medium containing only a half, or less than half, its volume of 
blood. The best results appear to be obtained with mixtures con- 
taining z to 3 parts of blood to i of agar.^ Even on these media 
tmly one or two out of a large number of tubes show any sign of 
growth ; and, moreover, nearly' all the try panosomes inoculated 
succumb, and the cultivation always starts, at the cud of about twenty 
day s, from a very small number of parasites which have survived — 

^ [Ross, AWA Med. Jouni., 1906, v. i, p. 79 ^'-] 

^ [O. (k)obel, Ann. Soc. Mid. Gand, 1905? 3 >'d fasc. ; abstract by Alesnil in 
A’;///. Jfis/. Pas/., v. 3, 1905, p. 714.] 

‘ Novy and McNeal,y«;//;7/. Anier. Med. Assoc., November 21, 1903 ; Journ. 
Infect. Dis.^ V. I, January 2, 1904, pp. 1-30. 

^ We have seen that T. Icioisi grows in media containing i part of blood to 2, 
S, or even 10, of agar, but it prefers media containing 2 parts of blood to i of agar. 
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‘ survival of the fittest.’ In order to give an idea of the difficulty, it 
is sufficient to state that only four out of fifty attempts to cultivate 
tr\'panosoincs from the blood of animals suffering from naganu 
(obtained from Ziiluland, Bruce) were successful. But once a 
culture begins to grow the difficulty ceases, for subcultivations aro: 
easily made. 

[In their first paper (loc. cit.) Novy and McNeal state that one of 
their cultures had grown through eight generations of subciiltun^s 
in it)0 days. In a later paper^ they stated that one of the cultures, 
started on August 27, 1903, was then in its twenty-seventh generation, 
but no mention is made of its virulence]. 

Cultures grow at the room temperature, at 25® C. and at 34^ C., 
but the higher the temperature the sooner does the culture die. At 
the room temperature cultures have been found still living after 
forty- five days. 

Trypanosomes u'liich have been hept at 25° C\, and have really jnulli- 
plied, are rarely as virulent as ])arasiles occurring in the blood. As an 
excci)tion it may be mentioned that tryjianosomes of the third genera- 
tion, which had been outside a host for sixty-two days, killed mice in 
three to five days, like trj panosomes passed through animals. As a 
rule, trypanosomes in cultures kill rats and mice in seven to ten days, 
instead of three to live days. Cultures twenty-two dajs old may 
still be virulent. 

If eiillnres gme;/ at 25^ C. arc heated to 34^ C., they generally lost] 
their virulence in less than forty-eight hours, although the trypano- 
somes may remain alive for several days. 

In culture tubes, even without multiplication taking place, the 
parasites inoculated sometimes remain alive for ten and evtui ('ighteen 
days. These iiwcnlatcd trypanosomes, befimi losing their motility, 
lose their virulence, generally after five days, but exceptionally only 
after ten day s, l^eforc losing their virulence they become somewhat 
attenuated, as is show7i by the prolongation of the incubation period. 
These arc analogcms to the results obtained with preserved trypano- 
somes, but the disease, once declared, is always fatal. An inocula- 
tion not followed b}' infection does not confer any immunity. 

Attempts at imniujiization by non-virulent cultures did not give 
any appreciable result (merely a delay of one or tw^o days on subse- 
quent inoculation of the virus), probably because ‘the material 
injected in the first inoculation was too feeble’ (Novy and McNeal). 

When grown at 25^^ C., T. hntcci shows two large, highly refractilc 
granules in the anterior half of the body. At 34° C. these granules 
increase in number and size, and may attain a diameter of i /x. They 
probaldy stand in some relation to an alteration in vitality of the 
parasites, for they are not found in the blood of animals inoculated 
with these cultures. This fact, together with all we have said about 
the difficulty in obtaining cultures, of the loss of virulence in cultures, 
1 [Novy and McNeal, Amer. Med. Assoc., May 28, 1904.] 
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especially when heated to 34"^ C., proves, as Novy and McNeal state, 
that the ideal medium for the cultivation of 7 \ bmcci has yet to be 
discovered. 

In cultures of /'. hntcci the parasites are either in pairs, joined 
by their posterior extremities, or in colonics of 10 to 20 long, thin 
parasites showing wriggling movements, with the flagella a])parcntly 
arranged around the periphery. The parasites vary a little in size, 
measuring from 15 /x to 17 //. in length (flagellum, undoiihtcidly, not 
included). 7 '. brucci is longer and proportionately narrower than 
Icwisi ; its flagellum is very short. 

‘ The motion of T, bmcci is slow and wriggling, and only excep- 
tionally is a slowly progressive form observed. The wave mention 
slowly passes along the thick undulating membrane, and gives the 
api)ca ranee of a spiral rotation to the entire cell ’ (Novy and McNeal). 

[■\IcNeaP and Smedley- have recently made further observations 
upon tlie cultivation of 7 . hvneei. McNeal recommends a modification •*' 
of tlie original blood-agar medium for isolating the trypanosome from an 
inlccted animal, b'or subcultures he used a blood-agar containing four 
times as much meat extractives. Transplantations from the first culture 
were made as carl}^ as the fourteenth day and as late as the fifty-second 
tlay. lie fenmd 25° C. to be the best temperature, though the room 
Uiinperatiire is fairly good.] 

I By a special melluxl ol treatment,’ McNeal was able to showtliat the 
now llagellum was not produced by a splitting of the original flagellum, 
hut that it developed from the new ceiitrosuinc by the side of the ohl 
llagellum. I 

[Smedley- succeeded in cultivating 7 '. brued on rabbit-l)Iood agar 
three times out of ten. In young cultures he found the trypanosomes to 
possess very active movements, and to mo\ o across the field fairly (piickly. 
'file cultural forms were somewhat smaller than the forms seen in the 
IiIockI, the avf'.rage dimensions in stained films being j.S /a to 23 /a long 
(iiK'luding free flagellum, which measured 3 /a to 5 /a) by 2-5 /a lo 3-5 //, 
wide. The undulating membrane was well developed, and tlie ccmtio- 
^^ome w^as nearly alw^ays posterior to the nucleus (unlike 7 '. Icicisi in 
cultures). The colonics of /'. brucci were unlike tliose of 7 . lct\>isi, lieing 
much smaller and much le.ssnume.rous; the flagella are directed ])eripiierally 
HI them, and .secondary massing together of tlie colonies do(^s not occur to 
any extent. The cultural characteristics, therefore, are sufficient by lliem- 
selves to distinguish T. brucci from 1 \ Iczvisi, | 

A('.('.lomkkation. — U nder certain cwnditions the trypanosomes 
nagana become arranged in a regular fashion, like those of the 

I J* McNeafyit^z/r//. /u/er, v. f, 1904, pp. 517 - 543 -J 
K. O. Smedley, yif?//; 7/. v. 5, 1905, pp. 24-43.] 

■ [Add 2 volumes sterile defibrinated rabbit’s blood to i volume of the following 
nicdiuni, previously sterilized in tulresor flasks and cooled to 60 ■ C. : Tlu; extractives 
of J25 grammes of beef in 1,000 c.c. distilled water; agar, 20 grammes ; peptone, 
grammes ; common salt, 5 grammes ; normal solution of sodium carbonate, 
loc.c.] 

LAdd a drop of defibrinated rat’s blood, rich in trypanosomes, to a mixture of 
1 <-;C. defibrinated rabbit’s blood and .4 c.c. of a najlccular solution of normal 
phosphate. Let it stand for half an hour, make films, and stain. 1 he alkaline 
pnosphate dissolves away the undulating membrane which sheaths the flagellum, 
this is then set free.] 


II 
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rat. They often join together in pairs.^ Sometimes they form 
primary agglomeration rosettes, but the large secondary agglomera- 
tions, which are common in blood containing 3 '. Icwisi, are rarely 
seen with this try panosome. The trypanosomes are always joined b\ 
their posterior ends, as can be readily made out in stained specimens. 
Fig. 2^. 12, represents trypanosomes agglomerating in rosette form, 
as seen in fresh blood ; Fig. 24, /J, shows two tryj)anosomes in a 
stained specimen joined by their flattened posterior extremities, so 
that the line of separation between the parasites is hardly visible. 

These trypanosomes united in pairs suggest conjugation, but siu li 
an interpretation is inadmissible. Agglomeration is not seen in pure, 
fresh blood, but is produced only under abnormal conditions, and, 
moreover, the number of ])arasitcs which agglomerate varies very 
much. 

With 7 '. hntcci, as with 1 \ leunsi, one may' obs(.*rve the rosettes 
break up after a variable intc^rval. 

We liave seen agglomerations of tryj)anosom(\s form in pure 
blood a Iialf to one hour after renu)val from the heart ; in peritoneal 
exudates after intraperitoneal injection into rats or mice of blood 
containing many’ parasites ; and in blood mixed with salt solution 
kept for twenty'-fonr hours on ice, or heated for half an hour to 41'^ C. 

On mixing ecjnal parts of liorse serum and delibrinated blood 
from a rat or mouse rich in trypanosomes, we have obtaini'd vciy 
beautiful persistent agglomeration masses. At the end of sonif 
hours, however, the trypanosomes lose their characteristic shape. 
On mixing I part of horse scniiii with 10 of blood, agglomeration 
masses are not produced. Pig serum also agglomerates well. 
Sheep scrum mixed with an e<pial volume of the l:)l(;o(l of a rat 01 
mouse rich in 7 '. hnicci gave in one case well-markcal agglomeration 
masses, but 'in anollier case the agglomeration was less marked and 
not i^ersistent. Tlie serum of a goat gave, with an ccpial volume of 
blood, small and non-persistent rosettes. Human scrum was neither 
agglutinating nor microbicidal. 

The following serums, mixed with an e<]iial volume of the blood of 
a rat or nujuse containing many^ I\ hriicci, did not exliibit any 
agglutinating properties : the serum of a rat, either normal or 
immuni^sed against T. IcnAsi, and agglutinating those trypanosomes; 
the serum of a normal fowl, and that of a fowl inoculated on 
several occasions with 7 '. hrucci ; the serum of a normal goose, and 
that of a goose inoculated on several occasions with blood rich in 
7 *. hrucci. 

On adding a drop of water slightly acidulated with acetic acid to 

^ M'Jiesc combinations of two parasites are particularly abundant in the ])erilonc;al 
fluid of rats or mice inoculated imraperitoncally. 

I McNeal d(,) also saw niiinerous i)airs of try|)anosomes, joined by aconsuU i - 
able portion of their posterior ends, in the blood of mice shortly before death. 'I h** 
contact was so intimate that lhert:‘\vas no line of demarcation and the centrosonu^ 
showed such various forms (fusion, dumb-bell shapes, and tetrads) that it would 
seem to indicate an actual conjugation, as described by Bradford and Plimmer.] 
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several drops of blood containing many 7'. (/nur/\ the trypanosomes 
agglomerate and soon change their shape. On the other hand, a 
drop of water made faintly alkaline with soda docs not produce 
agglomeration. 

Dead trypanosomes also tend to agglomerate, but in such cases 
agglomeration is very irregular. 

lNV(.)f-CTii).\ I'oKMs. — When the trypanosomes of nagana are 
under nnfiivourable conditions, which, however, are not sutriciont to 
bring about rapid death of the parasites, they show involution forms, 
which it is important to recognise. We have seen these forms 
produced under various conditions: rat’s blood rich in try|)anosomes 
mixed with the serum of other animals, and kept for several hours in 
hanging-drop preparation or in ordinary fresh films ; blood heated 



7. S. Spherical forms of trypanosomes in blood mixed with liorsc serum; S shows 
Li ir\ iiaiiosoine which was iinderj^oiiip; division wlieii it became spherical. 
'.)• A} 4 gloi]u:ration of spherical trypanosomes. 10. Trypanosome iim.Uu'«^oinR disiii> 
le^ration ; the trypanosome has almost entirely disappeared, and the miclens is very 
pale. Jr. Free flagellum with centrosomc. O-ii were drawn under a Tna; 4 njrjcation 
of 1,^00 diameters, ij. 'riypanosomes, af^glomerated in the form of a rosette, seen 
in fresh IjIockI (1,000 diameters). i j. Two trypanosomes, joined by thc‘ir posterior 
ends, seen in a specimen of stain».?tl blood (i,f>oo diameters). 


to 41 or 42° for an hour or more; blood injected into thc 
peritoneal cavity or into the connective tissue of birds, and examined 
dt the end of one to three hours; blood kept in the ice-chest or 
h'o;'en; blood of rats treated with arsenic, etc. Fig. 24, d to / /, 
shows dificrent involution forms of 7\ hriicci. 

Ihe trypanosome becomes short and stumpy (Fig. 24, f5), then 
spherical (Fig. 24, 7). On staining, spherical forms of the parasite 
iue seen, containing a nucleus, centrosomc, and flagellum. F"ig. 24, tV, 
*f^preseiits a trypanosome which was undergoing division when it 
became spherical ; two nuclei, two centrosoines, and two flagella can 
be seen in it. 


II — 2 
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The spherical forms may produce small ajf^^lomeration masses 
(Fig. 24, (j). It is very probable that it was these masses which 
Plimmer and Bradford saw and described as plasmodia giving rise 
to flagellated parasites. 

[Rodet and Vallet^ regard these abnormal parasites not as true involu- 
tion forms, which rjrise gradually as the result of unfavourable conditions, 
but as parasites which have undergone a sudden and active change in shafX' 
in response to an abnormal stimulation. By pricking an infected animal 
through a drop of i per cent, osinic acid, they found that the trypano 
somes so obtained were all of this ‘ amo'boid ’ type. Rodet and Vallct 
suggest that possibly the chemical agents used to hx tissues may account 
for the amo'boid forms seen in sections of organs.] 

Trypanosomes which arc spherical and no longer show any 
signs of movement are not always dead, however, for on injecting 
blood containing this form of the parasite into a rat or mouse, the 
trypanosomes sometimes appear in the blood after a lengthened 
incubation period, varying in length with the degree of alteration in 
the parasites injected. 

If the trypanosomes remain exposed to harmful conditions, they 
die and undergo profound alterations, which are seen most clearly 
in stained preparations. 

The protoplasm disappears first, and can no longer be stained ; 
the outline of the parasite becomes considerably narrowed ( Fig. 24. /o j, 
and the nucleus stains badly. Later on the protoplasm and nucleus 
have disappeared altogether, and the flagellum is seen eitlier alone or 
with the centrosonie forming a small swelling at one end (Fig. 2.4, / /). 

Section 5. - ^tiologry of Nagrana. The Role of the Tsetse- 
Fly and of the Big* Game. 

Bruce’s experiments liave placed beyond all doubt the role of the 
tsetse-fly in the spread of nagana.- It is true the part played by 
this fly had Umg been suspected, and Livingstone in particular 
had clearly recognised arid well described the effects of the bite of 
the tsetse upon domestic animals; but for a long time we. were 
mistaken in our idea of the exact manner in which the l)itc of this 
fly produced its harmful effects. It was thought that the fly itsell 
was poisonous, and several observers looked, but in vain, for poison 
glands in the insect. It was Ikuce who showed that the tsetse-fly 
is not poi.sonoiis, and that if its bite is, as a rule, so dangerous, it is 
because tlie fly sucks alternately the blood of animals suffering from 
nagana and of healthy animals, and that it inoculates into the latter 
the pathogenic trypanosomes. 

It is, nevertheless, right to state that other observers had suspected 
the truth. ‘The poison germ,* wrote Livingstone in 1857, . . . . 
‘seems capable, although very minute in quantity, of reproducing 

* f Rodet V'allet, Arch. mtUi, exj^cr., v. 18, July, 1906.] 

* Kor the i)ioloj»y, morphology, and classification of the tsetse-flies, see 
Chaptor XVIH. 
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itself . . . In 1875 Megnin stated that the tsetse-fly carries a 
virus, and does not inoculate a poison of its own. In 1879, the day 
after the discovery of the role of the mosquito in filariasis, 
j. J. Drysdale suggested that the fly ‘ might be an intermediate host 
of some . - • blood parasite, or the means of conveying some infectious 
pf)ison.’ In 1883 Schoch expressed himself almost in the same 
tt'.nns. In 1884 Railliet and Nocard, who also suspected this, 
frnind that inoculations with the proboscis of the tsetse were 
harmless. 

We come next to l^ruce’s experiments, which prove conclusively 
that a tsetse-fly which has bitten an infected animal, and after- 
wards bites a healthy animal, can convey the disease to the 
latter. Bruce used dogs in his experiments. First he showed tliat 
llies fed on infected animals, then kept in capiivity /nr several days, 
and afterwards placed on two dogs, did not infect. The tsetse, 
therefore, cannot give rise per sc to a local or general disease in 
susceptible animals. Secondly, flies fed on a sick dog and 
immediately afterwards on a healthy dog conve}'ed the disease to 
the latter. The flies were infective for twelve, twenty-four, and 
even forty-eight hours after having fed on an infected animal ; but 
under these conditions infection was not easily produced, many and 
rtipented bites being necessary. 

That point being proved, Bruce tried to lind out whether the fly 
acted as a simple carrier or as a true intermediate host. He found 
that the blood of an infected animal after drying on threads was still 
infective, though rarely, after twenty-four hours — never after forty- 
eight hours. On the other hand, blood kept moist in an aseptic 
condition was still infective at the end of four days, but not after 
seven days. As the proboscis of the fly to a certain extent prevents 
the blood from drying up, it follows, if the fly acts as a simple 
carrier, that the figures found by Bruce for the time that the virus 
remains active in the fly should be intermediate between those 
obtained with dried and with liquid blood. 

It is, therefore, by means of the fly that animals living in 
infected areas contract nagana. Horses were taken for several 
hours during the day into such districts ; they were not allowed .to 
eat or drink during that time; they were bitten by the tsetse- flies 
and contracted the disease. Drinking-water and food, which had 
often l.)ecn suspected, could not have played any part in the 
causation of the disease in this experiment, so that it must have 
been the flies which communicated the disease. 

A final experiment proves that this is the case. Flies were 
collected every day in a district where nagana was prevalent, and 
Were placed upon a healthy animal living in a district where the tsetse 
uuis nnt found. Care was taken to collect these flies from healthy 
iinimals, yet they gave the disease to animals (a horse and a dog) 
upon which they were allowed to feed. 
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Wc may, therefore, conclude, with Bruce, ‘that it is proved that 
the tsetse-tty does commonly, in a state of nature, convey the disease 
from animal* to animal, and that, on the other hand, there is no 
proof that the drinkinf^^-water or the eatinj.; of soiled herbage plays 
any nMe in the process.* 

Can all the species of the genus Ola<siua play such a part ? 
Bruce speaks only of GL iintrsiiuns, but Austen states that he has 
confused two species, the true CL uiorsitinis and a closely allitxl 
species, 07. l>allidipc^ (the photographs in Plate II. in Bruce’s pajK^r 
represent the latter species). 

The (juestion is far from being settled. By analogy with what 
is found in malaria and Texas fever, certain authors, such as Stuhl- 
inanri and Schmidt, think that GL niorsitaus is the only species 
which is able to convey nagana. One might immediately raise the 
objection that the trypanosomiasis of camels in Somaliland is most 
pi'obablv spread by (7. hm^ipennh ; hvit as the identity ot this disease 
with nagana is doubtful, the objection has no weight in the |>resent 
state of our knowledge. 

There is, ho\vcv(‘r, in this connection another point of consider- 
able importance. It is hardly tpicstionalde that the species of 
GL.tssiiui have a special action upon the African trypanosomes 
which otlier tties do not possess. We cannot do bc:tter than repro- 
duce the f(dlowing passage from Bruce’s paper: 

‘That all blood-sucking Hies are iK)t capable of transferring tlie 
tty disease from affected to healthy animals is, I think, shown by the 
fact that up here at L’bombo, where we have several sj)ecies (T these 
pests, no single instance of the disease arising spontaneously has 
occurred, although healthy horses, cattle, and dogs, have been coii- 
.stantly and closely associated with those suffei ing from the disease. 
Why this should be so is at present a mystery, and it is to l)e lujped 
that some point may be discovered which will throw light on the 
subject. There may be some anatomical peculiarity in the tsetse 
which enables it to act as carrier, or there may be some undiscovered 
fact in the life-history of the parasite associating it with this particular 
species eT fly.’ 

'riiese^'questions remain unanswered at present. Considerations 
based upon the comparative geographical distribution of the tsetse- 
fly and of the trypaiioscmuasiis of the typii of nagana do not allow 
any dettnite conclusion to be drawn. However, if we note, on the 
one hand, the very close agreement existing between the distribution 
of nagana and of GL worsitans (we have already disposed of the 
objection in the case of the trypanosomiasis of dromedaries in 
Somaliland),' and, on the other hand, the fact that nagana does not 

* ‘At the present nuniient.’ says Austen, ‘there is no definite information of the 
presence of nagana in a locality where f/V. morsittuis does nf)t occur. 'J'he unex- 
pected disco\ery of CV, morsifans in 'I'ogo, where the existence of .a trypano- 
somiasis resembling nagana h.as been recognised, is an important fact in this 
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appear to occur in regions infested by other tsetses, we liave evidence, 
not absolutely amounting to proof, but very strongly in favour of the 
hypothesis that GL niorsilam (and undoubtedly also GL palVulipcs^, 
which appears to have the same geographical distribution) is the 
carrier of nagana, to the exclusion of the other species o[ Glnssinn. 

The study of the other trypanosomiases has lately reciavcd such 
an impetus that facts in connection with them accumulate rapidly, 
and no doubt very soon all these questions will be answered. 

[Froiii the evolution which the malarial parasite is known to undergo 
In tht^ ])ody of the inosqnilo, it seenued probable that trypanosomes would 
be found to undergo an analogous development in the body of some blood- 
sucking insect or insects. Schaiulinn, Prowazek, Koch, and olliors would 
seem to have shown that this is tlie case witli certain trypanosomes. 
Schaudiiin has descril)ed the sexual development of 7 '. iioduu- ot the owl 
in the body of mosquitoes; Prowazek that of 'l\hu'isi in the rat-louse; 
and Koch that of 7 . hnii a in the tsetse-dy. W'e have s<,‘en, liow'exa'r, that 
Novy, l\oss, Mincinn, and others, liave found llagellales in mosi]niloi:s 
and tsetse dies which had not been fetl expel imeiitally on infectcil animals, 
so tiiat the conclusions draw n by Sehaudinn and Koch as to the evoluliun 
of 7 '. noctuti" and 7 '. hrucci in Ciiltx and Glossina respectively may pro\ c t(.) 
be incorrect. I 

' KoelP found that the trypanosome of tsetse disease in (ieniian b'ast 
Africa is carried by GL Jiiorsifiuis, GL pallidipcs, £iiid especially G/.///.s'o/. 'fhe 
(ither species of Gioasina — Gl, lachinoidcs^ GL pal pads, and ])robably also 
f//. longipi'iinis — found there are not concerned in tlie transmission of llni 
disease, l^y jiressing on tlie bulb at the root of the proboscis, a small 
drop of li(|uid can be expressed, and in this trypanosonu/s are found (iifty- 
eight times in fitSL(f, once c'ach in morsifans and pallidipt's), evidcMitly ready 
t«.) be inoculated. These trypanosomes arc in various stages of (hivelop- 
in(;nt, and no red blood-corpuscles an^ mixed with tla in. Koch concludes 
Ironi this that there is an undontitcd development in the lly. In the 
inu.'stines the trypanosomes are rare or absent, nor are they found in otlier 
orgaics. In the stomach of the i 1 y tlu? trypanosomes miillifdy and incroiisc 
very much in size, 'riiero is, th<*.n, a well-marked dilhMcnce between the 
large and the thin, elongated forms (dcscrilied on p. 156), which Koch 
regards as female and male respectively. In the posterior part of the 
slcjinach very large forms are seen, with only one cenlrosorne and one 
flagellar apparatus, but usually four — sometimes two or eight nuclei. 
These large forms may possibly Imj fertilized females. Koch did not 
follow out the subdivision of these forms, but he supposes that the 
elements with micleiis and without cenlrosorne arc derived from them. 
Kveiiiually thvpctomomisAoim^, with the centrosome in front of the 
nucleus, arise.] 

iln the liquid expressed from the proboscis all stages in the devedop- 
ment of the trypanosomes are seen, and some are like the ordinary forms 
found in the blood. It is these which determiiu; the infection of a Iresli 
mammal, and Koch was unable to infect rats with the trypanosomes from 
the Hies’ stomachs. Flies fed on recently injected cattle diil not lieconu; 
infectetl, but they did when fed on oxen and mules with a chronic infection, 

connection. Several localities are known in which the (/V. morsitnns occurs with- 
out nagana being present. 'Dii.s is (juitc comparable with the fact that .Anopheles 
may occur in districts where malaria is absent.^ 

^ [Koch, Deutsche mfitic;, Worhenschr,^ Xovciiiber 2.3, J‘)05, pp. 1865-1869 ; 
abstracted in Brit, Med, January 6, 1906, pp. 31, 32, and in Bull. Inst. Bast., 

V. 4. 1906, p. 34, 35, by Mcsnil] 
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and with only a few trypanosomes in their blood. Koch suggests that prolv 
ably the blood trypanosomes must be in a certain phase of development, 
which is found in slightly susceptible animals, such as the buffalo and 
antelope, in order to be carried over. (Novy^s criticism of Koch’s con- 
clusions will be considered in the section dealing with the trypanosomes 
of tsetse-flics, Chapter XVlll.)- 

The proof that the trypanosome of nagana is conveyed by the 
tsctse-lly is not sufficient by itself to solve the problem of the retiolog)* 
of the disease. For example, the disease may be contracted in a 
district where not a single sick domestic animal exists. Whence 
does the fly obtain the virus which it inoculates ? Ilruce again has 
answered this tjuestion for us. 

When he arrived in Zululand the Europeans were of opinion 
that it was the fly which caused the disease, and we have seen that 
they were not wrong. The natives, on the other hand, thought that 
the disease was caused by the presence of big game, the wild animals 
contaminating the herbage or water by their saliva or their excretions. 
A priori^ the two hypotheses are not mutually exclusive, and the fact 
that the association of the tsetse and wild game is conlirnied by all 
explorers tends to reconcile them. 

Hruce was successful in combining the two hypotlieses by proving 
that the blood of the wild animals in Zululand may contain tlu? 
trypanosome of nagana. It is true the parasite is always very 
scanty, for Bruce says in his report that he never saw it on micro- 
scopical examination,’ but this blood in doses of 3 to to c.c. was 
infective for dogs. Thus, the blood of one out of eight buffaloes, 
of three out of thirteen wildebeest (('at able pa a gnu), and of three out 
of four koodoo {Sinpsiccros capensis) examined, was found infective 
on injecting into dogs. Finally, the blood of a bush-buck (T ragchiphus 
scriplus sylvalu'us) and of a hyena was found similarly infective. 

These animals, therefore, constitute a reservoir of the virus from 
which the fly may obtain its supply. As we have already stated in 
a previous paragraph, the infection appears to be chronic in these 
animals and hardly to affect their health. Nevertheless, it makes 
them a source of great danger to these susceptible domestic animals 
which are introduced into their neighbourhood. 

Is the spread of nagana by means of the fly the only way in 
which this disease may be propagated?- That appears to be cer- 
tainly the case with herbivorous animals. Carnivorous animals, 
such as the dog, may often contract the disease through eating 
animals which have recently died of nagana, and whose blood 

^ Luter, however, he found them in the blood, according to a verbal communica- 
tion made to 'Ibeiler, and published by the latter author. 

- [Markl {Centralb, /. lUikter., 1 , Orig., \. 37, p. 530} states that in guinea-pigs 
the trypanosomes do not seem able to pass through the placenta. This is in 
agreement with the observations of Chaussat, Laveran and Mcsnil, and others, on 
the rat trypanosfuue, but we have seen that Pricolo observed the passage of 
trypanosomes (/'. duttofii k) through the placenta of infected mice and their 
development :n the hetus (see p. 102) [ 
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swarms with virulent trypanosomes. l>ruce quotes instances of 
dogs having contracted the disease in this way. It is well known 
that in infected districts the disease in dogs especially affects the 
sporting dogs which are introduced into those parts. We have 
quoted the case of two cats which became similarly infected ; [ also 
the two cases in cats recorded by Laconime. In Uganda, Nabarro 
and (iroig had a jackal which developed a fatal infection after 
devouring a monkey with many trypanosomes in its blood. 
Ligniercs* has recorded instances in which the infection has been 
conveyed by the bite of infected animals (cajjybara) to dogs. He 
concludes from this that the saliva itself may contain trypano- 
somes and be infective, but it is more likely that the trypanosomes 
present were due to an admixture of blood from the gums. 'J 

It is quite easy to understand that this method of propagation 
IS much less important than the first method. In a country which 
is immune it is impossible for the disease to become endemic or 
even epidemic in this way. From the point of view of prophylaxis,, 
we need concern ourselves only with the former mode of ]jropa- 
gation. 


Section 6, — Treatment. 

I. Tuicatmknt r.v Mkans oi- Cukmical Scustancms. 

Sodium Aksknite. — Stimulated by Lingard’s experiments upon 
tlie arsenical treatment of surra, Bruce in Zululaiul treated several 
horses and donkej s by adding to their food each d:i\' a dose varying 
from 6 to 12 grains (0*384 to 0*768 gramme) of arsenic in the form of 
sodium arsenite.'^ In the most favourable cases the parasites dis- 
appear from the blood (on microscopical examination) a few days after 
the commencement of the treatment,** and nircly reappear. There is 
no amemia; the animals often remain strong and healthy, and can 
do work, which is quite impossible in the case of infected horses 
which are untreated. Treated animals survive an apprecialdy longer 
lime than control animals, but the treatment has alwa>’S to be dis- 
continued, as the animals can no longer tolerate it, and the trypano- 

^ I Ligiiicres, />V///. i/ Man, Soc, tenir. vr/a.^ v. 8.3, June 30, 1906, pp. 363- 

; also Report presented to Section of PatJiology, Eighth International C^:>ni4ress 
of Veterinary Medicine, liudapest, September, 1905. Abstracts by Mesnil in />////. 

3 and 4, 1905 and 1906.] 

“ [kignieres also records the case of a rabbit, vaccinated against doiirine, which 
hccainc infected with nagana by licking the sore places and eating the crusts of a 
rabbit with nagana kept in llic sriine cage. . lie thinks this seems to prove that 
V. brucci can pass through intact mucous membranes, but Mesnil does not agree 
with him.] 

^ This arsenical treatment of nagana was in vogue long before wc were 
aetjuainted with tlie cause of the disease. See, in tliis connection, James Draid, 
k- \V. Halfour, Livingstone {Brit, Med, Joitrn,, 1858, pp. 135, 214, 360). 

Bruce quotes an experiment in which 5 c.c. of the blood of a horse under 
treatment did not infect a dog. 
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somcs then reappear in the blood. Only one donkey appt^ars to have 
been cured, and he did not acquire iininiinity.^ 

Horses and a donkey which were saturated with arsenic rajndly 
contracted na^ana when taken into a fly area. In a dog prophy- 
lactic treatment with arsenic was equally indTectual. l^rucc con- 
cludes from his investigations that arsenic is quite useless in the 
prevention of nagana, but that it is of use in prolonging thii life of 
animals after the disease has once started. 

Tile indication was obviously to study, in laboratory animals, 
the effect of arsenic compounds which had given, in the hands of 
Lingard and Hruce, more or less favourable results in the treatment 
of surra or nagana. We have studied the arsenic treatment, particu- 
larly in the rat, mouse, and dog. For the treatment of rats we use 


thti follow'ing .S(dutioii : 



Arsenious iicid 


1 gramme 

Sodium carbonate . 

. . 

I gramme 

Distilled water 


500 c.c. 


J^oil. 



Syringes holding i c.c. are gracliiatetl as a rule in tw^cnly divisions. 
W'hich gives o‘i milligramme of arsenij:)us acid for each division ol 
the syringe. 


l"or the treatment of mice it is advisable to dilute this solution to 
half the strength ; on (lie other hand, in the treatment of dogs 
a stronger solution may lie used. 

At first in tlu', dog wii used intravenous injections of the arscmiir 
solution, but we found that subcutaneous injections gave quiti^ 
as good results as intravenous, and since that time we have used 
exclusively the hypodermic method, which is not only more cmi- 
venient, but is the only one applicable to very small animals. 

The snbciitaneons injections of arsenic in the abdominal region 
of rats and mice often give rise to abscesses, 'fliis may be avoided, 
how-ever, by injecting the fluid into the muscles of the shoulder. 
The hair is cut and the skin washed with perchloride r^f mercury. 
The injection is a little painful, and produces in rats and mice an 
obvious inalai.se, w’hich sometimes lasts several hours. 

'rhe action of arsenious acid upon the trypanosomes of nagana 
is very remarkable, if the drug is used in siitficicnt doses. In the 
rat and mouse we have found that it is lUicessary to use o' i milli- 
gramme of arsenious acid per 20 grammes of animal. 

Should a rat of 100 grammes be infected with nagana and have 
numerous trypanosomes in its blood, 5 milligrammes of arsenious 
acid are injected into the muscles of the shoulder. One to two hours 

^ I Moore (/-tiz/a’A 1904, part 2, p. 15) states that in the treatment of iSL-tse-fly 
disease in cattle 0 najijana) in Nigeria, sodium arseniate (1 ounce of a i per cent, 
solution, made alkaline with sodium carbonate) given hypodermically once a week 
had very good and lasliny; effects, even in apparently hopeless cases. Jle does not 
state, however, whether the animals were pcr$nauciitiy cured.] 
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after the injection the blood examination shows no change, but at 
the end of five to six hours there is an obvious diininutirju in the 
number of parasites, and at the end of twenty-four hours tliey oan 
no longer be found in the blood, or, if present, they are extremely 
scanty. 

When trypanosom(?s are swarming in the blood at the time tlie 
treatment is commenced their disappearance is loss raj)id. It nuiy 
not take place in less than thirty-six or forty-eight liours, and sojne- 
tirncs even a second injection is necessary. Unfortunately, this 
disappearance of the parasites from the blood is only temporary, and 
at the end of forty-eight hours, or at the most of three to four days, 
the parasites reappear, at first in small mirnbcrs, and rapidly mult i|)ly 
if a second injection is not given. By repeating the injections of 
arsenic at intervals (^f two to three days, the life of the animal may 
be considerably prolonged, bm u penuaneni cinr /a’ivr results. There 
comes a time when tlie arsenical treatment can no longer be 
toloratcxl : diarrhoea, wasting, neuritis, and cediana at the scat o( 
inoculation are produced. The animal dies of nagana if the treat- 
ment is stopped, or of arsenical poisoning if the treatment is 
jiersisted in. 

Whereas rats infected with nagana and untreated die on an 
average in five days, those treated with arscuiic may live for two or 
two and a half months. The longest time that we have kept them 
alive has been seventy-eight and sevent\'-!une days.' 

In mice arsenic produces the same results as in rats, only it is 
more difficult to use in their case, l)ecause the drug has to be pushed 
more in mice tlian in rats before improvement occurs. In mici; 
weighing 14 to 20 grammes o’l milligramme of nrsenious acid may 
be injected. 

Arsenic has given us less satisiactory results with dogs than with 
rats. The treatment obviously ])n)longs the life ol the animal, 
but much less so than with rats. Wc have injected into dogs 
trom 2*5 to 3’5 milligrammes of arsenious arid i)er kilogramme of 
animal. 

Ihe earliest injections of arsenic cause the tryj)anosomes to 
disappear more or less completely frojii tluj blood, but they soon 
reajDpear, and the animals die in spite of repeated injections'. It 
seems that arsenious acid loses its effect more rapidly in the dog 
than in the rat. In nine dogs infected with nagana- and treated 
with arsenious acid, the average duration of the disease was twenty- 
five and a half days, the maximum being forty-six days. In dogs 
which were untreated the duration of the disease was from six to 
sixteen days (average ten and a half). 

J he Mode of Action of Arsenious Acid upon the Trypnnosomes of 
^ciy^ana . — When blood rich in trypanosomes is diluted with solution of 

I'or the details of these experiments, see Ann, Inst. Post., v. 16, p. 7 ^)Z. 

- liy a virus which was not obtained from a ruminant. 



172 TRYPANOSOMIiS AND THE TRYPANOSOMIASES 

citrate and mixed in vitro with the arsenical solution, the trypano- 
somes are rapidly killed. If, for example, to 15 drops of blood one 
adds I drop of a 2 per 1,000 solution of arsenic, the trypano- 
somes are seen to become motionless at the end of fifteen to twenty 
minutes, sometimes even more rapidly, whilst in control prepara- 
tions (blood without the addition of arsenical solution) mobility 
persists. 

Arsenious acid is therefore toxic for the trypanosome of naf^ana 
in vitro, but from that we cannot conclude that it has the same 
action in vivo. Some substances which are hif^hly toxic for the 
trypanosome in vitro — formalin, for example — liave no effect upon it 
in vivo. 

In order to study the action of arsenious acid upon the trypano- 
some of nagana in vivo, we have examined the blood of infected rats 
at varying intervals after the injection of solutions of arsenic. The 
blood was examined fresh and after staining in the ordinary way. 
As a rule, involution forms arc found among the trypanosomes two 
hours after the injection ; at the end of four to live hours an obvious 
diminution in the number of parasites has occurred, and at the end 
of twenty-four hours thev have entirely disappeared. 

The involution forms in rats treated with arsenic are the same as 
those which are seen when blood containing trypanosomes is exposed 
to a temperature of 41*^ to 42^ C. for some time. The movements of 
the tr\^panosomes become less marked, the parasites are deformed 
and granular, and finally assume the characteristic spherical form. 
Later on the protoplasm and nucleus disappear, so that in stained 
preparations isolated fiagella, sometimes with an adherent centro- 
some, are seen. 

In certain cases there is slight leucocytosis. We have looked 
in vain for signs of phagocytosis of living trypanosomiis, but 
have often seen leucocytes which had engulfed the remains of 
trypanosomes, sometimes the nucleus and centrosornc being (juite 
distinguishable. 

We think it may be concluded that arsenious acid is micro- 
bicidal for the trypanosome of nagana, and that the leucocytes take 
up only dead trypanosomes, or those in an advanced stage of in- 
volution. ^ 

We have endeavoured to ascertain whether the susceptibility 
of trypanosomes to arsenic in vitro is diminished in rats previously 
treated with this drug for some time. On mixing the arsenical 
solution in the same doses (i) with the blood of an infected rat 
which had been treated for a long time with arsenic, and (2) with 
the blood of an infected rat which was untreated, no appreciable 
difference could be observed ; the trypanosomes were destroyed very 
rapidly in both cases. 

How is it that arsenious acid, although it has an obvious micro- 
bicidal effect upon the trypanosomes of nagana, never cures infected 
animals? The trypanosomes w'hich are present in the general 
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circulation are destroyed, but those in certain out-of-the-way parts 
of the body^ evidently escape the action of the drug. When the 
bulk of the arsenious acid has been eliminated or fixed by the 
tissues, these trypanosomes come out again into the l)lood, and there 
multiply rapidly. One might suppose that the si>leen was a place 
of refuge for the trypanosomes of nagana, as it is for the malarial 
parasite. Experiments have shown, however, that arsenical treat- , 
nient gives no better results in splenectoniized aniinals than in 
normal animals. 

TKYPANMOii) (Trypanrot).- — We shall see (Cliapter IX.) that 
IChrlich and Shiga have introduced a red dye of the benzo-purpurin 
series, which they call ‘ try panrot,’ for the treatment of mice infected 
with cadcras. According to these authors, this substance is of less 
value in the case of mice infected with nagana. The disappearaiice 
of the trypanosomes is ncv'cr permanent, but a relapse always 
occurs. 

We have been able to verify this action of trypanred, used in 
doses recommended by lihrlich and Shiga, upon mice and a rat 
having numerous T. hntcci in their blood. If treatment bo not too 
long delayed, the trypanosomes disa[)pear from the blood in twenty- 
four to forty-eight hours ; the diminution in number and the appear- 
ance of involution forms beginning to take place at the end of 
twenty-four liours. The action of this substance is, therefore, slower 
than that of arsenic or of human scrum (vide infra). 

In vitro trypanred is only feebly microbicidal. At the end of 
three hours’ exposure to trypanred (i part of a i per cent, solution 
iiiixed with an ccpial volume of citrated blood), the trypanosomes 
arc? exactly the same as in a control preparation. One can therefore 
understand why it is that involution forms appear very slowly in the 
blood of animals treated with this substance. In the leucocytes the 
chromatic remains of the parasites acted upon Ijy the tr\-panred are 
seen.-* 

We have obtained unsatisfactory results in attempts to treat rats, 
mice, or dogs, by subcutaneous injections of the following sub- 
stances : cacodylate of sodium, arrhenal (dimothylarseniate of 
sodium), liquor iodi, iodide of potassium, salts of quinine, toliiidin 
blue, and methylene blue, all of which have a slight action in-vitro 
upon trypanosomes ; and of perchloride of mercury, the double 
iodide of mercury and arsenic, salts of silver (lactate, lUioiide or 

^ [Possibly the trypanosomes take refuge in the bone-marrow, or they may 
assume a more resistant form, which is clili’erent from the typical form, and not 
recognisable.] 

" I Por Mesnil and Nicolle’s experiments with other dyes, and for the recent 
attempts at treatment, see special article on ‘ 'Freatment,’ Chapter XIII.] 

■ A mouse weighing 19 grammes had, on April 7, 1904, numerous trypanosomes 
jn Us blood, and received J c.c. of a i per cent, solution of trypanred. On the 9th 
the trypLinosomes had disappeared, but had become very numerous again on the 
A fresh injection of ^ c.c. was given, and the parasites again disappeared. 

24 trypanosomes were again numerous, and .V c.c. fluid was injected. 

Ue next morning the mouse died, w’ith very few parasites in its blood. 



174 TRYPANOSOMKS AND THE TRYPANOSOMIASES 

taehiol, and caseinate or argonine), and formalin, all of which have 
a considerable effect upon trypanosomes in vitro. 

Amongst the drugs which we have tried without success in 
nagana may be added : carbolic acid, salicylic acid, chinosol, essence 
of garlic, solution of calcium chloride, chloral, and, more recently, 
colloidal silver (collargol)d The glycerinated bile of dogs which 
have died of nagana is also useless for treatment. 

2 . Attempts at Skrcm-tuekapy. 

Our researches in this direction include the action of normal 
st?rums and of the serum of animals imrnuni/ed against nagana. 
Amongst the normal scrums, human serum is the onl\^ one which 
has any microbicidal effect upon 7 \ brucci:- 

Hi-man Sekcm. — Human serum, iiijeclod in sufficient doses into 
infected animals, has a marked effect upon the course of the disease.-’ 
The tryi^anosomes disappear from the blood, at least for a time, 
the progress of the disease is delayed, and sometimes even complete 
cure may rcjsult. 

The serum of adults is much more active than that of the 
newly-born.^ 

Iluman serum retains its power for some time when it has been 
collected aseptically, but serum in which moulds or bacteria have 
developed loses its activity rapidly. 

Dried human serum retains the propertic'S of the liquid serum for 
at least six months; o‘i gramme of dried serum corresponds to 
about 1 c.c. of liquid serum, and when used should be dissolved in 
1 c.c. of distilled water. 

Pleural fluid is less active than blood-serum, and ascitic Iluid is 
still less active than pleiind Iluid. 

Our experiments upon the treatment of nagana with human 
serum have been carried out almost exclusively upon rats and mice. 
In these days, when bleeding is rarely resorted to, it is difficult to 
obtain human scrum, and we have had to make the most of the small 
quantities of serum we have succeeded in obtaining. We have 
made, however, certain experiments upon dogs. 

In mice of lo to 2o grammes the dose of human serum used was, 
as a rule, from \ to i c.c. ; in rats of 50 to 100 grammes it was 
T to 2 c.c. If into a mouse of 20 grammes with T. brucci in its 
blood .j to I c.c. of human scrum is injected, one finds, at the end of 
twenty-four to thirty-six hours, that the trypanosomes have dis- 

1 liluncliard lias also tried \\ith(mt success the effect of this drug upon the 
trypanosome of nagana in the nuirinot. 

- [ Laveran has since shown (f. . /i*. Aau/. Scif^/tces^ v. 139, 1904, pp. 177-179) 
that the scrum of the baboon [Cynoii'phiilu.\) has a similar edcct iijion T. hriicei (as 
well as on T. cvtinai^ T, cquhnim^ and T. gambiense)^ but that it is distinctly less 
potent than human serum.] 

•V Laveran, Acnd. des Sciences^ April i, 1902, and July 6, 1903 ; Laveran and 
Mcsnil, Ann. InsL Pasl.., November 25, 1902. 

. ‘ ^ Compare this fact with others recorded by Halban and Landsteiner {Miinch. 
ntedis. U'ocAensc/ir., 1902, No, 12), who have shown that the maternal serum is more 
luemolytic, more bactericidal, etc., than the Aetal. 
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appeared from the blood. The same result is obtained in a rat 
of roo grammes, on injecting i to 2 c.c. of human serum. 

The disappearance of the parasites is less rapid when they arc 
very numerous at the time of injection. Account ir.ust also be taken 
of the dilference in activity of staaims. We have bad serums which, 
in doses of ;[ and even c.c., have caused the disappearance of the 
irvpanosomes from the blood of a mouse weighing 13 grammes. 

It sometimes happens that the trypanosonios do not reappear, hut 
this is exceptional. Although we have treated a large number of 
infected rats and mice w'ith human senini, wc. have had only four 
eases of cure in mice after one or two injei:tions. Two of these 
mice were reiTiocidated twenty-five and thirty days after they had 
recovered, and contracted an ordinary trypanosome inhiction. 

As a general rule, liuiiian serum clauses only a temporary dis- 
appearance of the tryi.)anosomes from the blood, and after a variable 
lime the parasites reappear, and require a fresh injection of scrum 
to make them disappear again. In rats and mice with nagana the 
UN }>anos<mies often disappear for four (o eight da\s, after one 
iiijection of liimian serum ; and in some t>l our mice* treated with 
liiimaii serum the ])arasitcs disappeared from the blood for twelve 
and e.veii eighteen and nineteen days. When the trypanosomes have 
reappeared in the blood of an animal undergoing treatment, they 
rapidly multiply and swarm as in unlreated animals, and death soon 
follows if the scrum is not injected again. 

In this way freejuent injections of human scrum will considerably 
)>rolong the life of an animal suffering from nagana. In those cases 
in which recovery has taken place it has always been as the res*alt 
of one or two injections, and it is noteworthy that animals which 
had to be treated for a long time did not recover. 

One might think that human serum frecjuently injected into an 
infected animal would lose its effect upon the trypanosomes. That 
is indeed so, but the diminution of activity oceans only very slowly, 
so that an animal may be successfully treated in tliis way for two or 
three months. 

Usually in animals treated with human serum we have waited 
for the reapi)earance of the parasites in the blood before giving a 
Iresh injectit)!!, but sometimes we have made the injections every 
two or three days without waiting for the parasites to reappear.' We 
have not obtained better ultimate results by .so doing. 

Animals tolerate these injections of human serum quite well; 
thus we have injected, without any ill effects, as much as 2 c.c. into 
mouse weighing 15 grammes. In rats and mice the injections are 
made under the skin or into the mu.sclcs of the shoulder, with the 
usual antiseptic precautions. With a human serum of good quality 
It is quite easy to prolong the life of rats and mice for two months, 
control animals untreated dying of the disease in four to five clays. 
In some cases animals have survived for three months when treated. 

By injecting arsenious acid and human serum alternately we 
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have obtained still more favourable results. A rat lived 127 days 
and a mouse 103 days; but we have obtained no cures by using 
these two substances, either alternately or simultaneously. 

Mode of Action of Human Scrum . — It is difficult to stud\- iji vitro 
the action of human scrum upon the trypanosome of nagana, because 
the movements of this trypanosome verj' rapidly become sluggish. 
On mixing equal parts of tryj)anosome-containing blood and human 
serum the trypanosomes become less active at the end of half to one 
hour, and as a rule they are motionless at the end of two to three 
hours ; but practically the same thing happens in blood which has 
not been mixed with human serum. The action of human serum 
upon these trypanosomes is not sufficiently rapid to be studied 
in vitro, as is that of arsenious acid. 

Human scrum does not agglutinate 7 '. brncci, whereas the serums 
of the guinea-pig, goat, sheep, and pig, which do not possess any 
curative propc^rty, give rise to well-marked agglutination rosettes. 
We see once again, therefore, that the agglutinating power may 
exist without any microbicidal power. 

On carefully examining the blood of animals treated with human 
serum, the mode of action of the serum can be studied in detail. 
The examination should be made at short intervals during the 
twenty-four hours immediately following the injection of the serum 
into a severely infected animal. 

During the first few hours after the injecLioii the trypanosomes 
remain normal, but at the end of four to five hours it is seen that in 
fresh blood, and, better still, in stained preparations, many of the 
trypanosomes are changed in shape, and have assumed a tadpole or 
spherical form. Later on the protoplasm and the nucleus dis- 
appear in those parasites \mdergoing involution. These changes 
which the trypanosomes undergo arc, therefore, similar to those seen 
in animals treated with arsenious acid. 

There is no marked leucocytosis. Leucocytes containing recog- 
nisable. remnants of trypanosomes (such as nucleus and centrosome) 
are seen, but phagocytosis appears onl}'^ to occur with trypanosomes 
which are dead or markedly involuted. Wc see, therefore, that 
human serum has a microbicidal effect upon the trypanosome of 
nagana arij^logoiis to that of arsenious acid. 

Human serum heated to 56° C. for one hour loses about one half 
its power, but good results may, nevertheless, be obtained with it by 
increasing the dose a little. A mouse treated only with serum which 
had been heated to 56° C. lived for forty-three days. On heating 
to 62° C., human serum becomes almost entirely inactive. 

No doubt there is a close relation between man’s immunity from 
nagana and the microbicidal action of human serum upon T. brncci. 
Probably the active principle of the scrum is produced by the 
leucocytes, which would account for the fact that the serum is more 
potent than pleural fluid, and that ascitic fluid, w'hich is very poor 
in leucocytes, is almost inactive. In one experiment citrated human 
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plasma was found only slightly active compared with the seriiin ; but 
it is conceivable that human plasma may contain sufficient of the 
active principle to protect the body against the invasion of the 
trypanosomes without being sutficicntly potent to have a curative 
effect when it is injected into animals, and is thus diluted with 
a relatively large volume of inactive plasma. 

Perhaps, also, the microbicidal substance of human scrum is, 
in the circulating blood, contained solely in the leucocytes, thus 
rendering them able to destroy the trypanosomes of nagana. It was 
of interest to ascertain whether repeated injections of human serum 
into an infected animal might not give rise to the formation of an 
antibody which would ultimately neutralize the active principle of 
the serum. Experiments which have been made do not ('onlirm 
this hypothesis. 

Normal Serum ok Animal Oricin. - -The scrum of none of the 
lower animals has an effect upon the try panosome of nagana at all 
comparable to that of the serum of man.* The following serums 
injected into rats or mice with nagana gave us nt^gative results: 
fowl, goose, horse, sheep, goat, and pig. 

It is interesting to compare the action of monkey’s scrum upon 
7'. hnicci with that of human serum. The serum of a Ccrcapitliccus 
w:is found to be inactive, wdiich is in agreement with the marked 
susceptibility of these monkeys to nagana. The serum of a chim- 
panzee, even in doses of i c.c., had no effect upon the course of 
th(i infection in a mouse. 

The Serum of Animals Refractory to Nagana, ajter 
Ki'.pkated Injections Blood containini; T. hrncci. — We 
have made repeated injections of trypanosomes into birds (goose, 
fowl), but the curative power of the serum of birds thus treated has 
always been nil. [Mesnil and Martin were able to confirm this 
observation in the case of the geese which they found refractory to 
nagana., surra, and caderas. The serum of a goose which contracted 
a mild infection with nagana, from which it recovered, was found 
otiiially inactive, although the goose had become immunized. ] 

The Serum of Animals which have AcijuiRED Immunity 
against Nagana. — Nagana, which always runs a fatal course in a 
large number of mammals, is less serious in certain species. Cxoats, 
sheep, and cattle show a fairly large percentage of cures, and animals 
so cured are immunized against nagana. 

In this way we have cured {vide siipni) a goat and two sheep. 
After ascertaining that these animals had quite recovered and were 
immunized against nagana, we made experiments to see whether 
their serum possessed any curative properties. These serums were 
only found active when mixed with blood containing T. bniceiy^ but 

* [But see footnote, p. 174, re the action of the serum Cynoccphalus,^ 

" We may note once more that this slight activity as a rule disappears at the 
end of a few days in serums kept in the ice-chest, contrary to what occurs with 
human serum. 


12 
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on injection into infected animals they never arrested the march of 
the infection. Similarly, they produced no effect whatever when 
injected simulimmmdy with the infective blood, but into some other 
part of the body. 

We endeavoured to increase the immunity of the goat nnd shee[) 
by injecting very large doses of infective blood into them ; thus, the 
goat received sixteen injections of dog’s blood containing trypano- 
somes {vide supra). Its serum, tested for curative power upon mice, 
in doses of i and even 2 c.c., always gave a negative result. 

[Martini, Schilling, and Kleine and Mdllers succeeded in im- 
munizing animals against the Togo virus, and Diesing immunized 
asses against the Cameroon virus. The serums of these immunized 
animals had preventive and agglutinating properties, but were 
rarely, if ever, curative. As the identity of these diseases with the 
nagana of Zululand is questionable, the details of these observations 
will be considered later (sec second part of this chapter)]. 

In conclusion, we can say that arsenious acid, trypanred, and 
human serum, are the only therapeutic agents which have any 
appreciable effect in the treatment of nagana.^ 

Arsenious acid may be of use in prolonging the life of drauglil 
animals, hut, except in these special cases, its use cannot be 
recommended. Animals thus treated are hardly ever cured, and, 
moreover, may spread the infection amongst healthy animals, and 
finally, it would be dangerous to give the large doses of arsenious 
acid which are necessary to combat nagana to animals destined for 
the food of man. 

Human serum, wdiich in our hands has quite cured several mice, 
in most cases cannot do more than prolong the animal’s life for a 
time. Moreover, the treatment of large animals with human serum 
is impracticable on account of the enormous doses of serum it would 
be necessary to use. 


Section 7,— Prophylaxis. 

In order to protect animals against a microbic disease, 
immunizing serums may be used, or the animals may be inoculated 

with microbes of diminished virulence — that is, an attenuated virus 

so as to produce mild attacks of the disease, which lead to immunity. 
In these two ways we have tried to immunize animals against nagana. 

I. ATTltMPTS TO PKIiPARK AN IMMUNIZING SkKUM. — H uman 
serum has slight preventive power against nagana. If one inoculates 
into a mouse ,’0 c.c. of infective blood mixed with 10- c.c. or more 
of human serum, the animal does not become infected. Sometimes 
infection is prevented when the virus and the serum are injected 
simultaneously in different parts of the body, but in that case tlic 

^ [Thi.s statement requires modification, for certain dyes, notably o-dichloro- 
benzidine + //, as well as one or two arsenic derivatives, notably atoxyl, have 

given better lesults as rej^ards prevention and cure than trypanred and arsenioirs 
acid respectively (see Chapter XIII,).] 
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result is not constant; infection may occur after a slightly longer 
incubation period. 

If a rat be inoculated with i c.c. of human scrum, and twenty-four 
hours later with infective blood, the animal contracts the disease, 
but the incubation period is prolonged, the trypanosomes appearing 
in the blood at the end of five to nine days. On in jectin:^- I\ brncci, 
together with blood from an animal which has been recently treated 
with human serum, one linds in the same way that the incubation 
period is prolonged, but once the trypanosomes appear in the blood 
the disease runs its ordinary course. 

Nagana has develo])ed in mice inoculated with trypanosomes 
which had been mixed with human serum and then washed ; there 
was merely a delay in the appearance of the trypanosomes in the 
blood. Mice inoculated with a mixture of infective blood and hum in 
scrum, in which an infection does not follow, do not aetjuire any 
immunity against nagana. 

The serum of the dog, sheep, goat, horse, fowl, or goose, mixed 
with trypanosomes, does not prevent an infection occurring in 
animals injected with the mixture, and, moreover, the incubation 
period is not prolonged. This property of human serum seems, 
therefore, to be peculiar to it.’ 

One might have hoped that the serum of animals which had 
recovered from nagana, and were thus imrnuni/ed against the disease, 
would have possessed immunising properties superior to those of 
human serum. Here again our expectations have not been reali;?ed, 
as the following observations show:- 

The scrum of a billy goat infected with nagana forty-seven days 
previously, and still suffering from the disease, showed slight 
preventive power. Two mice inoculated with a mixture of ,V c.c. of 
infective blood and i or 2 c.c. of serum survived. The serum of this 
goat was active, however, only •when mixed with the infective blood 
injected. 

The sg^riim of a nanny goat which had recovered from nagana, and 
so acquired immunity against the disease, and which was frequently 
injected with blood rich in trypanosomes (see p. ^39), was tested 
four to eight days after eeich inoculation. It was found to possess 
only a very slight preventive power, comparable with that which it 
rapidly acquires during the cour.se of an inicetion. This power did 
not increase, however, although the goat was reinoculated every 
Week with 30 to 40 c.c. of dog’s blood. The scrum of this 
innnuni^ed goat, mixed in vitro with trypano.some-containing blood, 
had no definite microbicidal action. On examining the mixture 
kept for one to two hours at the room temperature, and then placed 

’ [As has already been stated, Lavcraii has found that the serum of the baboon 
las an action similar to that of human serum, but that it is distinctly less potent.] 

[Martini, Kleine and M oilers, and Diesing have shown that the serums of 
waives and asses immunized against the diseases of Togo and Cameroon, closely 
aiJiecl to nagana, have preventive properties (see second part of this chapter).] 
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in the ice-chest for twenty-four hours, we found that the majority of 
the trypanosomes were still living, but less motile. This serum, 
therefore, behaved like a normal serum, and was no more aggluti- 
nating than the serum of a normal goat. 

This serum was only found active tNicji mixed with the virus, and 
even then only in the big dose of i c.c. for a mouse. In smaller 
doses it merely prolonged the incubation period one or two days. 
Scrum injected twenty-four hours before the virus, or even at the 
same time, but in some other part of the body, had no effect or 
merely prolonged the incubation period one or two days. 

We obtained similar results with the serum of the two sheep 
which had recovered from nagana, and which had received, the one 
six and the other three, inoculations of nagana blood. The scrum 
of the latter sheep protected a mouse in doses of 1 c.c. mixed with 
the virus, and in doses of 2 c.c. inoculated in some other part of 
the body. 

According to Schilling,^ cattle which have acquired immunity as 
a result of repeated injections of infective blood furnish a serum 
possessing microbicidal properties for 7 '. hritcci. Ho quotes the 
following experiment : A bull which had apparently recovered fn^m 
an attack of nagana was injected subcutaneously with 19 c.c. of 
delibrinated horse blood containing numerous trypanosomes. On 
the ninth day after injection a few trypanosomes were found in the 
blood of the IduII, and they had disappeared by the twelfth day. A 
fresh injection of trypanosomes was given intrapcritoneally, and it 
was then found that the serum of the bull had a specific action 
in vitro upon the trypanosomes of nagana, which became motionless 
thirty and even twenty-one minutes after being mixed with this seruin.’- 

Nocard was not able to confirm this observation. He inoculated 
into a cow in one week 852 c.c. of blood from a cat or dog very 
rich in trypanosomes. The serum was found to have a marked 
agglutinating effect upon the trypanosomes, but was not microbicidal. 
In vivo this serum, mixed ivitli trypanosome-containing Wood, very 
appreciably delayed the appearance of the parasites in inoculated 
mice, but unless used in mixture it had no effect. 

The serum of this cow*^ actively immunised against nagana was 
therefore^ only slightly prophylactic, although attempts were made 
to increase the immunity by means of intraperitoneal injections of 
blood rich in trypanosomes. None of the mice used in this series 
of experiments hrid acquired any resistance whatever to the virus. 

The serum of a fowl and goose which had been injected with 

1 Schillin},^, Ccntrnlh, f. Bakter,^ I, v. 31, 1902, p. 452, 

^ I We shall sec later that Martini, Kleine and Mollers, and Diesing have 
succeeded in obtaining similar results.] 

•* This cow, like the one mentioned on p. 137, showed a rise of temperature to 
40*8" C. [105 '4'- F.J three days after inoculation, and several trypanosomes were 
seen on microscopical examination. The next day the temperature was normal 
again. From that day the cow received enormous doses of virulent blood, b 
remained, how’ever, in excellent condition, and its blood was not virulent for more 
than two months. 
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blood rich in trypanosomes showed very slight, if any, preventive 
power, as the following experiment shows : A mouse inoculated with 
I c.c. of serum of an inoculated fowl mixed with infective blood 
lived for fifteen days, whereas a control mouse died in a week. The 
trypanosomes inoculated in this experiment, however, were only 
slightly motile at the time of injection. 

[Even the goose which Mcsnil and Martin ' succeeded in infecting 
with nagana did not, after its recovery from the infection, furnish a 
propliylactic serum. Mice inoculated subcutaneously with i,* c.c. of 
goose serum mixed with trypanosomes did not live longer than 
control mice.] 

The serum of rats with nagana which had received from three to 
sit\cn injections of arsenic showed only slight preventive propertie s. 
We have observed, as Bruce had done, that arsenic has no preven- 
tive action whatever upon nagana. Animals treated with arsenic as 
a [>rophylactic become infected cpiite as easily and as (juickly as 
control animals, and the course of the disease is not altered in any 
w-ny, 

2. Atti^mpts ro pkoducu Atticn’uation or thk Vikos. Wc 
have trit^d in several ways to attenuate the virulence of 7 '. hnicci. 

'i'he blood of animals suffering from nagana very rapidly loses its 
\ irulence when kept on ice or at the room temperature. At tlie end 
of several hours the trypanosomes become much less active, while 
at the end of twenty- four hours most, and sometimes all, of them 
are motionless. 

When such blood is inoculated the incubation period is considev- 
alily longer than when fresh blood containing very active parasites 
is injected ; but the alteration in the trypanosomes has no other effect 
upon the course of the disease. From the time that the parasites 
ai)pear in the blood of inoculated animals tliey develo]) with the 
usual rapiditjs and the disease loses none of its severity. 

We have experimented with blood heated to different tempera- 
tures and for variable lengths of time. On examining l:)lood rich 
in trypanosomes, which has been heated for an hour to 41"" C., it is 
seen that the parasites are motionless, deformed, and spherical. 
Blood tlnis heated gives rise to an infection after a markedly 
increased incubation period, but the disease is just as severe as usual. 
A more prolonged exposure to 41^ C. or a shorter exposure to a 
temperature of 44° C. kills the parasites. Wc see, therefore, that 
l^y heat it is not possible to attenuate the virulence of nagana, or, 
rather, that attenuation of the virus results only in a prolongation of 
the incubation period. 

We have seen (p. iCo) that the trypanosomes in Novy and 
McNcal’s cultures ceased to be virulent some days before they died. 
This loss of virulence was produced in forty-eight hours on heating 
C. cultures grown at 25° C. Mice inoculated with these non- 


’ [Mesnil and Martin, C /\\ Soc, B/pL, v. 60, 1906, p. 739.] 
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virulent trypanosomes were almost as susceptible to virulent para- 
sites (even although slightly attenuated by culture) as control mice. 

The virulence of T. Imicd may be diminished by mixing a i per 
cent, solution of toluidin blue with the blood of an infected animal. 
Animals inoculated with this mixture show a longer incubation 
period than animals inoculated with the blood alone. 

In two rats iruK.ulatod with a mixture of S parts of trypanosome- 
containing blood and t part of toluidin blue, which was allowed to 
stand twenty minutes after mixing, trypanosomes appeared in the 
blood only on the seventh or eighth day. In a guinea-pig inocu- 
lated with a mixture of infective blood and i per cent, toluidin blue 
(injected two minutes after mixing) the parasites did not appear in 
the blood until the twelfth day. 

As a genenal rule, the diminished virulence of the trypanosomes 
is shown onlj’ by this increase in the incubation period, for the 
disease, once it has declared itself, runs a normal course. There are, 
however, exceptions. 

In a mouse inoculated with a mixture of lry|)anosoines and 
toluidin blue the parasites appeared only on the eighth day after 
inoculation, and the disease ran quite an unusual course. In a rat 
similarly inoculated trypanosomes appeared in the blood on the 
fifth day after inoculation, and pcrmaucnily disappeared at the end of 
three to four days. This experiment is quite unique for nagana in 
rats. The rat which thus suffered from a mild form of the disease 
was not irnrnuni/ed by it. 

This last experiment resembles those cases of reinfection in mice 
cured of nagana l)y means of human scrum (|x 175). It secerns 
proved that an attack of nagana induced by an attenuated virus or 
modified by treatment is not sufficient to confer immunity. \Vi* 
have observed immunity against nagana only in those animals 
(goat, .sheep, cow) which, after a prolonged infection, have been 
cured spontaneously. From this it may be concluded that it is 
difficult to iminuni/e animals against nagana by injecting into them 
trypanosomes of diminished virulence, and so producing in them a 
mild attack of the disease.^ 

Preliniiii.uy inoculations with infective blood kej)t for several 
days on ic:e or fijr several hours above C., or kept for a time in 
cruitact with a dye b\' which the virulence is destroNcd, do not 
prevent an infection resulting from the injection of a fresh or of an 
attenuated virus under the conditions we have just mentioned, and 
do not m any v ay modify the course of the dise;ase. 

* A feuialc rat, in(K;ulatcd .September 23, 1902, and treated alternately with 
liuman scrum and arse riir: starting from September 25, gave birth on October 14 to 
seven wi.ll-ilevclopccl yuung one^, winch she reared. On November 10 the young 
rats were able to cat. Two of them were inoculated subcutaneously with infective 
blood at ilic sayu*. time as two young ones of about the same weight born of a 

:».hy I at. 'rhe four young rats showed the same susceptibility to nagana, which 
was a little greater than that of adult rats. 
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- We shall see (pp. 191 and 195) that Koch and Schilling have 
tried to attenuate for cattle the virulence of trypanosomes allied to 
that of nagana, by passing these parasites through different species 
of animals, and that they claim to have obtained certain favourable 
results in this wayj The facts quoted by these authors do not 
appear to us to be conclusive. Koch is said to have obtained his 
‘ vaccine ’ by two passages only — the iirst through the rat, the second 
through the dog. 

We cannot form any definite conclusion from the cure of Koch's 
two oxen, for it is by no means rare for cattle to recover spon- 
taneously from nagana and surra, and animals which so recover are 
immune, as were Koch’s cattle. 

In his first paper Schilling stated that he had vaccinated two 
calves by inoculating them with a virus of the third passage through 
dogs. J 3 ut he very quickly rccognisetl that two or even three 
passages through the dog or rat were not sufficient to attenuate the 
virus for cattle; and in his paper, published in January, 1903, he 
si)eaks of a virus which had been passed seven times alternately 
through the dog and rut, then from eighteen to twenty- one times 
tlirough dogs alone. That is a very different thing from the two 
passages of Koch. Thirty-six oxen were inoculated with this virus, 
each one on two or three occasions, with the result that they 
contracted a mild and tcrnporciry** infection, and were then taken 
into a ily area. What happened to these cattle we shall see in the 
second part of this chapter. 

This process, as Schilling himself acknowledges, is useless for the 
vaccination of horses. 

According to our own observations the virulence of T. hriicci may 
be slightly attenuated by passage through different species of animals, 
but the trypanosome loses little of its virulence in passing from one 
animal species to another, and in all cases rapidly regains its viru- 
lence, as the following experiment shows; 

On April 24, 1902, a dog was inoculated with the blood of a sheep 
infected with nagana for six months. On May i trypanosomes liad 
appeared in the dog’s blood. On May 2 one rat and two mice were 
inociilatt',d subcutaneously with several drops of the dog’s blood con- 
siderably diluted with citrated salt solution. On May 4 parasites appeared 
ni the blood of the rat and mice ; on the 6th they were very numerous, 
and all the animals were found dead on the morning of the 7th. 


^ [Martini’s experiments on the same lines seem to have been to some extent 
successful. Diesing has obtained from immunized asses a serum wliich is able to 
produce a temporary passive immunity in animals, siifticient to enable them to iiass 
dnoLigh a fly belt.] 

About half these cattle showed parasites in the blood ten days after inocuU- 
Uon. At the end of the first month microbicidal properties were found to be present 
ni the serum of five out of eight cattle examined from this point of view. The 
^vypanosomes in the peritoneal exudate of an infected dog. mixed with an equal 
'oliiinc of ox scrum, were killed by the serum in twentv minutes, \Vc have already 
quoted a similar result, p. 180. 
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Trypanosomes which had been passed through the sheep and 
then through the dog thus gave rise in a rat and in mice to infections 
just as acute as those produced by parasites inoculated direct from 
rat to rat or from hk^usc to mouse. 

It is possible, however, that attenuation of the virus for a 
particular species of animal may be produced as a result of numerous 
passages through another species. That is, perhaps, the case with 
the virus wo have used in our experiments. Although cattle suffer 
severely from nagana in Africa, our virus, inoculated by Nocard into 
three cows, produced in them only a mild infection. It may be due 
to the difference in race of the cattle, but it may also be due to 
attcmiatinn, resulting from the innumerable passages through 
different mammals other than ruminants, which tlie virus has 
undergone since 1896, when it was imported from Zululand into 
Europe. It would be very important to test the virulence of 
these trypanosomes, which we have at the present moment un<h;r 
observation, upon South African cattle. It is just possible, if our 
second hypothesis is correct, that this virus has become a vacciiu^ 
which might bo used in Africa to protc^ct cattle against the nalund 
infection. 

In conclusion, we must admit that hithortf) we have succeeded 
no better in preventing nagana than we have in our attempts to cure 
it, but we must not regard the conclusions at which we have arrivtid 
as iinal. We hope to continue our investigations, and no doul)t 
other observers will do the same. Perhaps experiments made with 
other animal species than those which we have had at our disposal 
might yield better results. It wt)uld be interesting, for examplt*, to 
experiment upon African antelopes or buffalo(\s, which, although 
often infected with nagana, are very resistant to the disease. Such 
experiments could only be carried out in Africa. 

In the actual state of our knowledge vve may say tliat \vc are 
not ac(iuainted with a certain and practical remedy for nagana, 
nor with any reliable process of iininnnii'ing animals against the 
disease. 

I The experiments of I'homas with atoxyl, and those of Mesnil 
and Nicolivj with atoxyl and various bcn;(:idine derivatives, are a step 
in the right direction, Mesnil and Nicolle were able to prevent, as 
well as cure, an infection of nagana in mice with atoxyl and a 
particular derivative of benzidine. Possibly these drugs will be 
iound useful in the prevention and treatment of nagana in cattle and 
horses. Full reference to these experiments is given in Chapter XIII., 
on Treatment.] 

Prophylactic measures intended to limit the areas in which 
nagana is endemic, and to prevent its introduction into conntries 
still immune, are therefore of considerable importance. 'Phe dan- 
areas sliould be mapped out accurately. This is relatively easy, 
because we know that it is only certain species of tsetse-fly which 
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propagate the disease ; but it would be as well to find out exactly 
which species of tsetse convey the parasite, by fresh experiments on 
the lines of Bruce’s. 

The invariable result of the civilization of a country is to destroy 
or to drive away the big game. In this way, then, wc may hope 
that the areas of nagana will become narrowed in proportion to the 
advance of Europeans into the African continent, of which until 
recently only the coast regions were known, but which is already 
being intersected at various points by railways into the interior. In 
fact, Foa and Theiler have already observed that the destruction of 
the big game has rendered the fly areas more healthy. At the 
present moment, at any rate, there is no question of attempting to 
exterminate the fly. 

When the lly and nagana areas arc well known, it is often 
possible to take effective precautions, if it is merely a question of 
jxissing through those areas. Perhaps the best i)recauti6n is to 
travel only at night, as the tsetse-fly does not, as a rule, bite at 
night. [Diesing recommends injecting the serum of highly- 
immunized animals, by which a tcmpr)rary passive immunity is 
j^nxluced, sufficient to allow the susceptible animals to pass through 
the fly belt. He obtained fairly good results with cattle in this way.] 
Then, it has been recommended to rub different substances, par- 
ticularly creolin, over the animals one wishes to protect. In the 
hinterland of Togo the natives rub the juice of a plant, Amomtim 
melcguctu, over the animals, in order to protect them against the 
bite of the tsetse. Smoke drives away the flies, and may be used, 
for ex'ample, in encampments. Good results have been obtained by 
placing horses in boxes in which the apertures are closed with 
gauze, or in stables in wdiich horse manure is constantly burnt. ’ 

Precautionary measures are, or should be, taken by the sanitary 
authorities to prevent the importation of nagana, particularly in fly 
districts which are free from the disease. (See Prophylaxis of Surra, 
p. 284.) 


AFRICAN DISEASES ALLIED TO THIC NAGANA OF 

;?ULULAND. 

[Section 1.— General Considerations. Classification of the Try- 
panosomiases. Methods of Differentiating* and Identifying* 
the Pathog*enic Trypanosomes.-] 

[The African trypanosomiases, which resemble the nagana of Zulii- 
land inore or less closely, may be divided into two groups- — those occurring 
in districts where tsetse-flics are found, and which are probably spread by 
means of these flies, and those occurring where the tsetse-fly is absent 
<ind which are probably spread by other biting flies, such as labanidae or 

^ A Report by Pitchford, of Natal, analyzed in Tull. Soc. d'tUuiics colon*^ 
June 1903. 

[Ihe whole of this section, down to p. 190, has been added. — I-D.] 
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Stomo.vys, In the first ^^roiip would come the trypanosomiases of cattle 
and pigs in German ICast Africa (described by Koch, Ochinann, and 
others) : of dromedaries in Ogaden, Somaliland (Hrumpt, Theiler) ; of 
donkeys, mules, and cattle in the Anglo- Egyptian Sudan (Ilalfour, 
Head/; of cattle, mules, and dogs in British JCast Africa, Uganda, and 
adjacent territory (Stordy, Bruce, Nabarro, Gieig, and Gray) ; of cattle 
in the Congo Free State (Broden) ; of Equida^ and cattle in Cameroon 
(Ziemann, Diesing); of cattle and horses in Nigeria (Christy, Hewby, 
Moore) ; of cattle and horses in Togo (Koch, Schilling, Ziemann, 
]\lartini); of oxen in Sierra Leone (Smith); and perhaps a trypano- 
somiasis of horses in French Sudan (Cazalliou). The second group 
would include the Ztisfana disease of horses in Algeria (Szewzyek, Rennes, 
Roger and Greffuhle); Dehab, a disease of dromedaries in Algeria 
(Sergent); Mbon, a disease of droriiedaries in French Sudan and 
Timbuctoo (Cazalb(nO : Sonma, of cattle and horses in French Sudan 
(Cazalbou) and in Guinea (Martin); the trypanosomiases of cattle and 
lv]uida‘ in Erythrea (Memmo, Martoglio, and Adani) ; of cattle and horses 
in Abyssinia (Savoure and (Others) ; of cattle, sheep, and goats in Cameroon 
(Ziemann) ; and of oxen and Ecjuichje in 1 laut and Moyen-Niger (Fecaud).] 


[In the j)resent state of our knowledge it is impossible to speak 
with certainty about the nature of many of these diseases. Some of 
them have been called nagana, others surra, and others again, such 
as Souma, are thought to be distinct diseases. The fact that certain 
of these diseases occur in tsetse-infested districts, while othm’s are 
found in the absence of the tsetse, suggests the classification adopted 
al)ovc into the ‘tsetse group* of trypanosomiases and those not 
dependent on the tsetse for their transmission. Many of the latter 
may eventually prove to be varieties of surra. This has been show n 
by Laveran to be the case with rnbori. It is extremely' probal)le 
that further invn-jstigation may show that nagana and surra are not 
two individual diseases, but rather two distinct i^roufis of diseases, 
the one group (nagana) being dependent on the tsetsc-tlv’ for its 
transmission, tlie other (surra) on Tal)anidie, Stunioxys, or other 
biting Hies.] 

[The subject is rendered all the more diiticult by' the fact that 
the. trypanosomes of these various diseases jjrescnt only very slight 
morphological differences. These differences between the various 
trypanosomes arc not greater than those seen in the snuic trypano- 
s<jine in th<’ blood of different animal species. Sometimes, indeed, 
cuie finds greater morphological differences in the same trypanosome 
in the various species of animals than are found between the 
trypanosomes of nagana and of surra. This has led Koch and many 
<Aher German authorities to regard nagana and surra as identical. 
This view of IGjch, Musgrave, and others, is almost certainly 
erroneous, as various recent methods of differentiating try^panosoines 
prove (‘cross-immunization ’ experiments, cultivation of the respective 
trypaTK)somes, etc., see later). Moreover, as a result of his recent 
researches in German East Africa on the development of trypano- 
soiues in Glossina — results which can, however, be interpreted other- 
wise lhar. Koch has done — Koch appears to be modifying his original 
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views, and to regard at least 7 \ hrncci and T, f^ambicnse as distinct 
species.] 

yKoch's Classijiciiiion of Trypanosome Diseases. — Koeb^ divides the 
trypanosome diseases into two grou]^s : 

Group 1 ., including the trypanosomiases of rats and of cattle ('J'heiler). 
In these tlie trypanosomes are constant in tlieir more important characters, 
and nre sharply separated from tlie other mammalian trypanosomes. 'I'he 
most important properties, according to Koch, are (i) the morphological 
characteristics,. (2) the virulence, and (3) their relations to the domestic 
animals. The trypanosomes in this group are said to lie constant in all 
these characters, and to show no variation. This is not al.isoluttdy true, 
ho\se\ er, for several observers have shown that the \ irulence of 7'. kijisi 
foi rats may vary. 

Group 11 . includes Imman trypanosomiasis, nagana, surra, and mal de 
caderas, but no mention is made by Koch of dourine or of the (iaml)ian 
horse disease. Thes(i trypanosomiases arc said to be in a stage of 
mutability. In the three important properties iuentioned above the 
trypanosomes are lluctuating and varialile; thus they are not sharply 
dilVeren tinted morphologically from each other, their virulence ll actuates 
over a wide range, and they are not found exclusively in one host. From 
this Koch argues that they are not yet developed into distinct species. ; 

\Mdh()(h of Differentiating and Identifying the Pathof^cuic Trypano- 
somes, — Attempts have been made by different observers to differentiate 
these trypanosomes by their morphology — t’.g., by the presence or 
absence of vacuoles or of chromatic granules in the protoplasm, the 
length of the body and of the free llagellum, the shajie of the 
p(jsterior end, and so on ; but it has been pointed out that such 
variations ma}' occiir in the same trypanosome, conseciuently they 
are valueless in the determination of species.] 

[i. Animal Inociilatious. — I'he morphological characters failing to 
differentiate those trypanosomes, the next step was to inject the 
parasites into various species of animals. In certain closely allied 
diseases, such as nagana, surra, and several oilier less definite African 
trypanosomiases, the effects produced in animals are not sufficiently 
characteristic to enable us to state, from animal inoculations alone, 
that these arc distinct morbid entities. But some results of animal 
experiments are fairly constant — r.g., nagana in rats and mice is 
usually very rapidly fatal, and at death the blood generally swarms 
with trypanosomes, while 7 '. i^amhiensc sometimes fails to infect these 
animals altogether, and the trypanosomes are never so numerous as 
nagana ; dourine produces characteristic cutaneous ‘ plaques,’ 
which are rarely seen in the other trypanosomiases.] 

[ Animal inoculations are made subcutaneously, intraperitoneally, 
intravenously, an infection usually following any of these pro- 
cedures. Dourine is to be distinguished from the other trypano- 
somiases by the fact that infection may occur — both naturally and 
experimentally “ through intact mucous membranes.'] 

I2. 'Cross-Immunization' Flxpcriments (Laveran and Mesnil). — 
This method has been used with success by Laveran and Mesnil for 

^ [R. Koch, Deutsche If ted. ll'ocheuschr.y November 17, 1904, pp. 1705-1711 ; 
ranslatipn in Brit, Med. Journ.., November 26, 1904, pp. 14J5-1449.J 
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differentiating several of these trypanosomiases. In this way they 
showed the individuality of surra, of nagana, of caderas, and of 
Gambian horse disease; also the identity of Indian and Mauritius 
surra and mbori. Nocard and Lignieres found that dogs immunized 
against dourine were as susceptible to nagana and caderas as normal 
animals. ) 

[This method is rather long and tedious. Resistant animals, 
such as sheep, goats, and calves, must be used as a rule, and it takes 
a long time for these animals to recover from their chronic infection, 
and to become immunized. When their blood, on inoculation into 
small animals, is found to be no longer infective, the original 
trypanosome, on reinoculation, does not give rise to a fresh infection 
(or sometimes there may be a slight transient blood infection^ 
whereas a different species of trypanosome produces the same effect 
as it does in a normal animal.] 

[Koch (loc. cii.) has criticised this method of differentiating trypano- 
somes, and has stated that the experiments upon which J-averan and 
Mesnil base their opinions are inconclusive, for the following reasons: 

(1) The experiments were made upon goats, which are only slightly 
sLisceplihle to surra, and therefore ill adapted to the study of the disease. 

(2) Animals which appear to have acquired immunity against a trypano- 
somiasis retain the parasites for long periods in their Ijlood, and if the 
blood of a goat inununixed against nagana, and subse(puintly inoculated 
with surra, bcx:omes again virulent, it is perhaps because the animal is 
still infected with nagana. (3) The fact that animals iiiimiinized against 
one trypanosome are sus(;.e])tible to a trypanosome from another source 
does not show conclusively that these parasites are different species, 
animals which resist a variety of trypanosomes of feeble virulence being 
capable of infection by a more virulent variety of the same trypanosome. 

[I-averaii and Mesnil ' have answered these criticisms of Koch as 
follows; (i) In order to obtain animals immunized against .surra or 
nagana it is, of course, impossible to employ species in which these in tec 
tions are always fatal. One is, therefore, obliged to use animals, such as 
goats, in which these trypanosomiases may end spontaneously in recovery. 
Moreover, surra and nagana do not produce in goats such mild infections 
as Koch seems to think, and several goats died during the course of the 
experiments. Further, these goat experiments have been confirmed by 
others with bovines. V'allte and Carre- have shown that a cow immunized 
against nagana was susceptible to surra. A'allecaiid PanisseF immimizetl 
bovines against surra, and found that they were then not susceptible to 
mbori.] 

[J he same method has given good results with other trypanosomiases, 
and goats were not the only animals used. A goat and sheep immunized 
against nagaviti were as susceptible to caderas as normal animals.* An 
ox, sheep, and pig immunized against caderas were normally susceptible 
10 nagana (Lignit!?res).'^ Lastly, dogs immunized against dourine were 
as susceptible to nagana and caderas as normal dogs (Nocard and 
Lignieres).‘>] 

* [Layeran and Mesnil, C. A'. Acfui. Snemes, v. 140, March 27, 1905, p. 831.] 

3 and l..'arrc‘, Ibid., October 19, 1903.] 

® [Vallei; and I'anisset, ////V/., Ntivember 21, 1904.] 

! L^’ vtrian artd Mesiiil, Jfnd.^ November 17, 1902.] 

a />W. AgricoU. y Cunad., Fuenos Aires, February i, 1903.] 

L Nocaid, li/o/., May 4, 1901 ; Lit^nieres, AV7/. AVv. wed, Arifm/., v. lo. 
1902, pp. 12-U4.] J ^ h A » 
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i (2) Koch’s statement that animals apparently cured of a trypanosome 
infection, and which have thereby acquired an apparent iirimuiiity, may 
nevertheless retain trypanosomes in their blood for a considerable lime is 
quite true, but it is the exception, not the rule. Thus as much as 50 c.c. 
of blood from sucli an animal has been injected into dogs without pro 
diicing an infection, which proves that the blood cannot have contained 
any trypanosomes. Laveran and Mesnil showed also that the blood of 
rats iimnunized against T, Icuisi^ as the result of an attack of this 
trypanosomiasis, was no longer infective.; 

[(3) The statement that an animal which has resisted a feeble virus 
sometimes becomes infected when inoculated with a stronger virus of the 
same species is also true, but this again appears to be the exception rather 
than the rule. Laveran and Mesnil forestalled this obji*,ction by inoculating 
the ‘ weaker ’ virus into animals immunized against the ‘ stronger* virus. 
'J'lius their goat immunized against nagana became infected with surra ; 
so also did Vallee and Carre’s bovine, although the Zululand nagana 
experimented with is undoubtedly more virulent than Mauritian surra. 

[3. Scrum - Diev^mms, — The ‘ cross-immunization ’ method of 
diagnosis being a long and tedious one, and the practical diflicnlty 
of always liaving immunized animals available being great, Laveran 
and Mesnil^ have attemj)tcd to elaborate a method of scrimi- 
diagnosis. They had found previously- that the scrum of sheep 
cured of nagana had an action upon T, hriicci, but not upon 
7 '. cquiniun. Similarly, Kleine and Moellers'* have shown recently 
that the serum of a donkey, which had a considerable action upon 
Martini’s Togo virus, is without action upon /*. i^ambicme,] 

! Laveran and Mesnil used the scrums of three cured goats : one 
iN) cured of nagana (Zululand), another iNS) of nagana and of 
Indian surra, and the third (S) of Mauritian surra, then of the 
Annainese hor.se trypanosomiasis (sec Chapter VTIL). The usual 
method was to mix the serum with the virus, in vitro, one or 
two minutes before injecting subcutaneously into mice. The serum 
of goat N, in doses of 0*1 to 0*5 c.c., completely protected the mice 
Irom nagana ; even dried serum kept for two months was found to 
Ijc protective. When injected apart from the virus, either twenty- 
four hours before or at the same time, this serum was much less 
active. The serum had little or no action upon the viru.s of caderas, 
ot Indian surra, of Annam, and of Togo. We may' add that goat N 
was inoculated with Schilling’s Togo virus, to which it succumbed in 
a month. ] 

[Similar results were obtained with the serums of the other two 
goats. Laveran and Mesnil conclude that such serums acquire 
specific properties, which can be used as a means of identifying 
trypanosomes. There are, however, certain fallacies^ which con- 
siderably diminish its value as a means of diagnosis. Bearing in 

J Laveran and Mesnil, ( 7 . A\ Acad, Sciences^ v. 142, 1906, j). 1482.J 

•t .t-aycran and Mesnil. Ibid,, v. 1 35, 1902, p. 838. ) 

Kleine and Moellers, Zeitschr, f. Hyg,s v. 52, 1905, p. 229.] 
rile serum of goat N in one experiment had an action upon the surra 
tiypanosome. The serum of goat S immunized against Mauritian and Aiinamcse 
surra had very little action upon the trypanosome of the latter.] 
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mind these fallacies, Laveran and Mesnil think it follows from their 
experiments that (0 the Annamese trypanosomiasis is different from 
the Indian ; (2) Schilling's Togo virus is not nagana, but a species 
of trypanosome very virulent for goats, killing them in one to two 
months ; and (3) Martini’s virus is neither nagana nor surra.J 

[4. Ciiltuvai Charadcrhticii . — \Vc have seen that 7 \ Icxvisi and 
r. bnicciy when grown artificially on Novy and McNeal’s medium, 
show considerable differences (T. Euusi is much more motile, forms 
large colonies of rosettes, ilagella are directed towards the centre, etc. ; 
T. brucci is less active, has an undulating membrane, colonies are 
small, etc.), by which these two trypanosomes can be easily dis- 
tinguished (see pp. 79, t6i). Novy, McNeal, and Hare have 
cultivated the Philippine surra trypanosome, and iind that tlie 
cultures differ from those of 7 ‘. hnicci in several important respects, j 
[5. rhe ^ Precipitin^ /vVaeZ/o;/. -Mayer has found (see p. 15c*) 
that a specific precipitin is present in the serum of nagana animals, 
and he thinks that this reaction may be a means of diagnosing allied 
trypanosomes. I 

[6. Ely Expcrimaits . — Koch suggests that the different evolution 
forms of trypanosomes seen in the appropriate species of Glossina 
may be a helj) in diagnosis. It must be remembered, however, that 
a certain percentage of TrcslT flies may harbour ‘wild* trypanosomes, 
and Novy and Minchin are of opinion that some of Koch’s ‘evolution ‘ 
forms of l\ brucci and T, ^ainhicnsc have no relation to these parasites, 
but are trypanosomes peculiar to the tsetse. J 

I Nabarro and Greig, by dissecting flies -Glossina and Stonioxys - 

at varying intervals after feeding on infected animals, found that 
trypanosomes from various sources (human trypanosomiasis, Uganda 
cattle disease, Abyssinian dog disease, and Uganda mule dis(?ase) 
remain actively motile in the stomach-contents of flies for vnry 
different lengths of time (see Section 8). This may prove to be a 
means of differentiating species of trj'panosomes, where live tsetse-flies 
are to be obtained. | 

[ 7. ‘Clirnjnu-Thcnipcutic' Reactions , — ^Mesnil and Nicolle, Wenyon, 
and Aubert have made numerous observations upon the action of 
various dyf*s in animals inoculated with different pathogenic trypano- 
somes (sec Chapter XIII.). From the results obtained it seems 
probable that the * chrorno-thcrapeutic ’ reaction will be a means of 
difierentiatiag the pathogenic trypanosomes.] 

Section 2.— Trypanosomiasis of German East Africa. 

It is to Koch^ that we arc indebted for the earliest accounts ot 
the trypanosomiasis of German ICast Africa. He observed it there 
in 1897, and found that it affected chiefly cattle. The incubation 

/'.! ‘ Kciseberichte,’ etc:., Berlin, 1898, pp. 65-72, 87, 88, and IJeu/sc/ics 

A r/Aj/itf No. 24, igoi. Stuhlmann has published a map giving (i) the exact 

an.aij in winch the disease has been found ; (2) the routes along which herds of 
cattle have ])ecoiiie infected. 'I’he disease exists in the region of the heights of 
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period is from nine to twelve days. At the outset the disease is 
manifested by a rise of temperature and the appearance of the 
h?crnato;?oa in the blood ; then the animal becomes weak, anemic, and 
tliin, and death occurs more or less rapidly. Nearly all the cattle die. 

According to Sander,^ this trypanosomiasis of cattle may present 
itself in an acute or chronic form. 

Veterinary Surgeon Schmidt- states that the incubation period 
is from live to six weeks. The pi’esence of the parasite in the blood 
coincides with the rises of temperature. The number of parasites, 
the condition of the animal, and the amount of work it is made to 
do, all help to affect the course of the disease. Cattle which are 
allowed to be idle may live for years, whilst those which work 
suffer from a very acute form of the disease. Cattle are more 
susceptible than mules. 

Koch made a certain number of experiments during his short 
stay in the German colony. We reproduce here those of his 
experiments which he quotes in support of his method of vaccina- 
tion, already mentioned (p. 

Blood contjiining many trypanosomes from a spontaneously 
infected ox was inoculated into the following animals ; 


Aiiiinal, 

Dose, 

Result. 

I Masai donkey ... 

5 c.c. 

R('nuiined healthy. 

1 cow 

5 >> 

Died in 39 days. 

2 calves ... 

5 » 

,, 41 and 49 day 

2 monkeys (sp. ?) 

4 n 

l^einaiiKxl healthy. 

2 guinea-pigs 

n 

>» 

2 rats 

2 „ 

. Died in 31 and 52 day 

I dotf 

.. 

„ ly days. 


The blood of one of the two rats in the previous experiment was 
Inoculated into : 

One rat, which died in 68 days (trypanosomes in its blood 13 days after 
inoculation), and one dog, which died in 42 days. 

The blood of the dog was inoculated into : 

Two dogs, which died in 19 and 26 days. 

'fhree rats, which died in 67, 73, and 80 days. 

h^our Masai donkeys, which remained well. 

Two oxen, in which the ]mrasites appeared from the rolh to tlie i,3tli 
^lay, and remained present for 3 to 4 weeks ; after that they were no 
longer seen. The oxen were cured and were iinmiine. They had shown 
no sign of illness at any time. 

Csarnl)ara (northern boundary of the colony near the sea) ; in the region of Dar-es- 
^alaain and the island of Mafia ; from the sea (the disease, perhaps, exists on the 
island of Mafia itself, according to Panse, Zcitschr. /. v. 46, 1904, p. 376) to 

and along the whole valley of the Ruaha ; opposite Kiloa ; in the valley 
^>t the Rovuma, which serves as the stiuthern boundary of the colony, from the sea 
right up to Lake Nyassa ; and finally, quite in the interior along Lake Tanganyika, 
latitude about 5^’ S. 

L. Sander , Deutscher kolon. Kongress, 1902. 
n* in Stuhlmann, ‘ Ber. iib. Land. u. Forstwirtschaft in Deutsch- 

stafrika/ v. i, June, 1902, p. 137. 
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We have seen that Koch regarded this experiment with cattle as 
the basis of his method of vaccination against nagana. 

These statements of Koch relative to the immunity of Masai 
donkeys (or Masai and Muscat hybrids) have been received with a 
cerlain amoun!: of scepticism, although Koch has founded his state- 
ments upon current opinion as well as upon his experiments. 

The objection has been raised that he simply placed blood 
containing trypanosomes in contact with an abrasion on the cars of 
the donkeys, a method of inoculation which is not infallible. 

Since then Koch’s statements have been disproved by means of 
more exact experiments. Stuhlmann* has seen trypanosomes in 
the blood of sick Masai donkeys at Mombo, at the foot of the 
heights of Usambara. Kummer- has observed a heavy mortality 
amongst the donkeys of German East Africa whenever they 
have been taken into ily areas, and he has found trypanosomes in 
the blood of the sick animals. He adds that the differences in race 
of the donkeys used in this distri('t are not recognisable by a 
European. Grothuseir^ also stales that Masai donkeys are 
susceptible to nagana. He rubbed some blood from one of these 
donkeys into a wound on the ear of a zebra. The zebra died 
seventeen days later, after showing symptoms of nagana, and with 
many trypanosomes in its blood. Tliis result, confirmed by that of 
Martini, obtained with a virus corning from Togo, is important, for 
it proves that the zebra, which has been regarded as refractory to 
the African trypanosomiases, is susceptible to these diseases. 

Ihe various experimental data given by Koch show a consider- 
able ditiercnce in tlie virulence of the German ICast African and 
Zululand parasites, bor example, w'c see that monkevs and guinea- 
pigs are refractory, or only very slightly susceptible ; that in rats the 
disease is very chronic, instead of fatal in a few days: and that the 
disease in dogs is also more protracted than is the nagana of Zululand. 

As to the morphology of the trypanosome, we possess only a very 
diagrammatic: drawing which Koch has published in his ‘ Reisebcrichte ' 
sufficient to differentiate it from T.lculsi^ which Koch had in his mind 
at the time, but not for a critical comparison with T. brncci of Zululand. 

b urther observations arc obviously necessary before wc can come 
tc) a definite conclusion as tc; the relation between the nagana of 
Zululand and this disease of German East Africa. 


It \voui 1 appear that Glossina morsitam carries the infection. 

[ Koch has since made a further study of this East African 
disease, and considers its trypanosome to be 7 '. hnicei. It was with 
this trypanost)me that he made the observations on the evolution of 
the parasite in Glossina, mentioned on p. 156. He states that in 
German East Africa this trypanosome is carried by GL morsitans, 
GL palhdtpes, and (^specially by GL 
’ vS^ jliln»ann‘; hr, cit. 

3 1902, No. 10, pp. 525, 526. 

no husen, Archiv f, Schiffs u. Tropen/ix^., v. 7, August, 1903, p. 387. 
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[A natural infection of pigs has been observed by Ochrnann in 
German East Africa, but whether it is true nagana or an allied 
disease is uncertain (see p. 114).] 


Section 3. — Trypanosomiasis of Tog*oland, 

The existence of a trypanosomiasis in Togoland was recognised 
by Koch, who in 1895 examined in Berlin two specimens of the 
blood of a horse coming from this German colony on the Gulf of 
Guinea. 

Since then some important papers upon the nagana of Togoland 
have been published by Schilling and Ziemann, who carried on their 
investigations in the colony itself, and by Martini, whose researches 
originated in the discovery of a trypanosome pathogenic for mammals 
in the blood of a pony imported from Togo into the Zoological 
Gardens in Berlin. 

According to Schilling^ the disease affects horses, donkeys, and 
cattle throughout the whole hinterland of Togo, b'ever is inter- 
mittent, and there is no definite relation botwoen the temp'‘’*aturc 
and the number of parasites in the bhx)d. The symptoms arc not con- 
stant, and the parasite is often absent on microscopical examination. 

In a horse which he had under observation during the last ten 
days of its life Schilling noted wasting, swelling of the testicles, 
penis, joints, and belly, and a purulent discharge from tlie eyes and 
iios(i ; its appetite remained good until the end. Seven days before 
death its haemoglobin was only 25 to 30 per cent. No morbid, 
conditions were found post-mortem. Neither in this nor in any of 
the other horses did Schilling find enlargement of the spleen. 

Trypanosomes may be absent from the blood and the peritoneal 
cavity at the time of death, but, according to Schilling, they are 
always present in the marrow of the bones. Antemia would appear 
to be due, not to a destruction of the red corpuscles in the peripheral 
Circulation, but to diminished production in the bone-inarrovv. 

Schilling inoculated various animals: horses, donkeys, oxen, 
goats, pigs, and dogs. They were all susceptible except the pig. 
Ihe course of the experimental disease in the horse differs from the 
natural infection in that the symptoms are less marked, tlie swellings 
being almost entirely^ absent. 

The disease in the horse may be acute or chronic, death occurring 
nftcr an interval of from forty-three days to more than eight months, 
biidan donkeys appear more susceptible than the horsti, for two of 
them died in eleven and eighteen days respectively after inoculation. 

In his first paper Schilling describes the evolution of the parasite 
m several dogs inoculated subcutaneously or intraperitonea] ly. In 
^l<jgs inoculated intrapcritoneally, and also in a dog in which an 
‘ibrasion on the ear was smeared with blood containing trypanosomes, 

A Ccntralb,/. Haktcr,^ I, Grig., v. 30, October 30, 1901, p. 545 ; v. 32, 

* Pu 16, 1902, p. 453, and v. 33, January, 1903, p. 1S4. 
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there occurred intraperitoneal as well as intravascular multiplica- 
tion of the parasite, A dog inoculated in the peritoneum with 
I c.c. of horse blood containing few trypanosomes died in twenty- 
eight days. 

Schilling also infected a dog by allowing it to be bitten on several 
occasions by a tsetse-fly which had previously fed upon a dog with 
numerous trypanosomes in its blood. 

Two dogs inoculated in Berlin with Schilling’s trypanosome by 
Stahelin/ with the object of studying the metabolism of animals 
with nagana, died in twenty-four and twenty-eight days respectively. 
During the course of the disease they suffered from remittent fever, 
chemosis, corneal trouble, hypopyon, and wasting, and during the 
last two days of life they had a subnormal temperature. 

[SebilJing’s- later observations on the trypanosomiasis of Togo are 
suniniari/.ed by Mesnil-‘ as follows: The trypanosome appi^ars injt to dilhT 
from the type hrucei, but we have seen that ivaveran ami Mi^siiil, fr(’)m their 
experiments on ‘ cross-inoculation * and serum diagnosis, com hide that 
tliis 'fogo disease is probaldy not true nagana. Schilling di^scribt's a form 
of the parasite — possibly a sexual form — which is fairly wide ami shcjrp'r 
tliaii tlie ordinary form, especially as regards the (lagc-llum. The cyto- 
plasm is pale — like the undulating membrane— ami is poor in granules. | 

I In the horse this disease is less acute in 'i'ogo than in South ..Vfrica. 
TIkj inenbation period is 6 to 12 days; the average; duration, 50 days. 
The liiemoglobiri may fall to 25 per cent, of the normal.] 

I In the; donkey the inenbation period is ti) 5 days, ami tlu' a.\erago 
dimition 10 to 18 days. In bovines the incnhation p(;riod is to 0 days, 
and the symptoms are slight, the disease usually ending in ie(‘(.)\'(Ty.] 

I Berlin pigs are susceptible, but the parasite is only visible; at the 
l’>eginning of the infection, and the animals nici'iver from tlie infection. 
Schilling had previously found that the Togo pig was refractory.] 

j Most of the experiments on rodtmls and birds Wi ii; done, with a virus 
passed twenty five limes through the dog. White rats died in .iboul 
2.S days, but they lived considerably longer with a \ iius passed tliiciii'.di 
the pig (s| days) or goose (So days). White mice died in alxmt y/ days, 
a grey mouse (M. wusciilus) died in 100 days, and a d/. a<n’arius in 
122 days. Schilling thinks these long survivals an; diu; to the passage ct 
the virus tnrough dogs, for with a direct virus he killed rats in to ic; days 
in Togo. The ‘ pedigree* of the parasite would therefore appear to he of 
considerable importance ; and the virulence of Irypanrjsomes for the same 
species of animals may vary' enormously, according to the ‘ geiii alogy ’ td 
the parasiics. This may possibly account for the fact that Schilling 
able to bifect a goose, which no previous investigator had succeetk^d in 
doing. 

1 1 'our animals were inoculated in Berlin and developed a mild infection, 
witli only k brile symptoms at the outset. These included two eo7.'s iriocii- 
laied (the first on three occasions) with a virus of the twenty-sixth to thirty* 
first pa.ssage through dogs; h young hull, inoculated with the blood ol the 
second cow ; and a calf oi the first cow (l)orn during the infection, but li cx". 
Ironi it), inoculated when forty-five days old with the Inill’s blood. The 
serum of iliose tour animals did not show the liactericidal properties noted 

t ‘^f'diyhn, yire//. f. Hyg, v. 50, 1904, p. 77. 

[S-. hilling, Arh. lu #/. kaiserL GesuniL, v. 21, 1904.] 

I /’rtA'/.. 1903.) 

‘ ;.l best; e>;periinents, together with those on other animals, are summarized 
ira: table on p. 197.] 
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in the Tof^o animals similarly treated. These microbicidal serums had 
no action hi vivo.'\ 

I Passage through resistant animals did not attenuate the virus for the 
flog ; but a virus of the third passage through the goose was much 
attenuated for the donkey.] 

Schilling has paid particular attention to the vaccination of cattle. 
An ox inoculated with the virus after five passages through cattle 
died in forty-one days. On the other hand, oxen or calves inoculated 
w'ith a virus which had been passed a certain number of times 
through the dog or rat (three times from dog to dog in the first 
experiment ; seven times alternately through dog and rat, then 
exclusively through the df)g up to tlie eighteenth and twenty-lirst 
passage, in a second experiment) contracted a mild and temporary 
infection, which rendered them immune. We have already discussed 
fp. i8j) the significance of these facts. 

[In recent papers Schilling^ gives the after-history of the 36 cattle 
vaccinated by him at Sokodo in 1902 (see p. 183). Seventeen were sent 
into dy areas, and of ilu:se 13 died, probably of iiagana, doubtless, thinks 
Sclnlling, because they wore exp)osed to the fiy too soon. Of the 

I survivors, r died of nagana after a fresh jourm^y, and 3 were in perfect 
healtli 3 years after their vacf'iiiation.] 

I Of tlie i catlki kept at Sokode, 2 died fairly ([uickly — [ujrhaps 
iVoni the vaccination; out of 8 tested were still intecled at the end of 

II months (lo c.('. blood injected into dogs).] 

I At the end of 14 months i<S vaccinated cattle were taken to the 
co;e:t ; 3 died (2 c:)f nagana) and 2 others bo?came infected, but recovered. 
1’hneof these cattle were inoculated 2 years after thi?ir vaccinalion with 
fairly viruUmt trypanosomes. A very jiiild infection followed, and at the 
end of 3 nKJiitbs the blood was no longer infective in closes of 5 lo 10 c.c., 
while at the end of 10 months only 1 was iiifeclivo (40 c.c. blood injected 
into a dog). Schilling insists 011 the imp^orlanct', of this ol)servatioTi, 
wliirh seems lo prove the reality of cures -contested by Koch — and 
which in any case shows that ‘cured’ animals are not a great source 
01 danger as reservoirs of infection. Schilling thinks it is advisable to 
vaccinate animals when very young.] 

I A final ol»servalion of Schilling’s shows liow' carefully one must 
iiiKMprct the results of tliis method of vaccination, and lliat. it is not (d' 
tnvich value ])ractically. Six cattle (3 vaccinated, 3 un^ accinalcd) wan:e 
taken through a very bad lly belt : 5 became infected, and of these 2 died 
(i vaccinated); 2 w'cre still infected o months later (i vaccinated), and 
I recovered «|uickly (nn vaccinated). Of the 3 vaccinated animals, thero- 
j‘>re, 1 died, i w^as still infected after y months, atul the third did not 
become infected at all.| 

lu Kjoo Ziemanii- had under observation two horses anti one 
^'^\g ? which were spontaneously infected. The blood of the dog 
used to infect a goat which became ill. This goat showed 
’uinujrous trypanosomes on the eighth day, few on the clo.vcnth, many 

the twelfth and thirteenth, few on the fourteenth and sixteenth, 
‘‘J»d very few^ on the soveiiteenth days, after which it was rare to 
oven one under the microscope, and the animal was cured. 

j Dcitlsch. KoloniaihL, No. I, 1904; Zcitsch}\ //I'c-, V. 52, 1905, 

'ii ’ abstract by Mesiiil in JUiil. Insf. v. 4, 1906, pp. 185, 18O, from 

VV- ^ above account is taken.] 

-lemann, Berlin klin, Wochenschr,^ October 6, 1902, p, 930. 


13—2 



196 TRYPANOSOMES AND THE TRYPANOSOMIASES 


The other animals — a duck, a fowl, a pigeon, and a sucking-pig- 
inoculated by Ziemann remained healthy. This last observation 
confirms that of Schilling,^ but differs from the results of experiments 
obtained with the Zululand virus (see p. 136). We may add that 
Martini found the pig susceptible to the Togo virus.- 

Martini has also inoculated his virus into a female Egyptian 
buffalo and a 2ebra from Kilimanjaro. The buffalo died in six weeks 
of typical trypanosomiasis (severe anaemia, etc.), with an enormous 
number of parasites in its blood. The zohm lived for a longer time, 
and, although trypanosomes were present in the blood from the 
fourteenth day after inoculation, the animal remained in good health 
for three and a half months. It died, however, a fortnight later, 
after having shown the symptoms characteristic of nagana in the 
Equidje.'^ 

Martini^ has given a very detailed account of the morphology of 
his Togoland trypanosome, which apj)ears not to differ in any 
essential point from the typical 7 \ bnicci. 

[Martini'^ has made an exhaiislivi- study f die tiyj.anosomes of two 
Togo ponies whicli were brought to P>erlin.‘' The trypanosome of tlic; 
stallion was very virulent and deadly, while that of the mare was originally 
only slightly \iriilent. Martini thouglit at first that the more virulenl 
strain was morphologically different from the less virulent one, the former 
having a long flagellum, the latter a short flagellum. Later he found, 
howex'cr, that the more virulent strain could have a short flagelluTti and 
still retain its virulence. The less virulent parasite, after passage through 
the horse and dog, became more virulent for a number of animals, and at 
the same time the flagellum increased in length. As a rule, the short- 
flagellated forms of both strains appeared more frecjuently in those animals 
which were less susceptible to the fly discxise, and which })resumal)ly had 
protective bodies in their serum. This nilation of length of flagellum to 
virulence was, therefore, l)y no means constant, i 

[Thk TRVeANosoMic oi- TiiK ^ PoNY. — Tliis trypanosome killed the 
original stallion in 100 to 120 days. The blood of this animal was injected 
into a number of animals, with the results shown in the table on p. H)7. 
Martini tried especially to create a series of particular strains by repeated 
passages through the same animal species, l^assage through Ecpiida.* 
(horse and ass) and cats did not affect the virulence much, but passage 
through rats and mice resulted in the formation of a virus-JixCy which killed 

' [We have seen, however, that Schilling has since found JJerliii ])igs sus- 
ceptible -io his 'Togf) virus. ] 

- Martini, An/i. /, Schijfs u. Tropenhyg.y v. 7, November, 1903, p. 499. 

Miirtini, Deutsche med. Woehensehr^ August 6, 1903, pp. ^73-575. It should 
Ik; noted that this susceptibility of the zebra (see p. 192) to expeiirnental inoculation 
ccMiirasts »vith the fact, which appears well established, that the zebra may pass 
with impunity through fly areas where nagana occurs, and that its blood "never 
coiUaiiis irypaiiosomcs and is not infective for susceptible animals. Martini 
recognises that furtlier investigations are necessary upon this point— for e.xarn]>Ie, 
upon aninyils living for a long time in fly areas and made to do work. 

^ Martini, Zritschr,f, v, 42, 1903, p. 341, and Koch’s ‘ Festschrift,’ Jena, 

1903, p. 219. 

' [Martini, Zeiischr, f, Hyg. u, Infec.^ v. 50, 1905, pj). 1-96 ; abstract by Mesnil, 
li ml, I ml, Pn s A, v. 3, 1 905 , pp. 4A3.466.] 

" I br.'if’tioilly the whole of the following 14 pages, down to the end of Section 8, 
iiijs been added.— ICii.J 
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Notk. — I.P. means ‘after intraperitoneal inoculation'; Suiv., ‘Subcutaneous inoculation.’ The numbers in brackets are the durations.^ • Virus passed through dogs and tiien the pig. 

Virus pttssed through dogs, then goo.se. > Thiid pas.sage through gecse. The nmnlwr.s u/ti/vr /ineJ Schilling's e.xperimcnts were ol.-taiiied with a virus of the twenty-fifth i)assag4 through dogs. 
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very rapidly, not only animals of tlic same species as that which had 
furnished the virus, but even those of other species. The viviis-fixe of the 
rat and mouse was very virulent for the dog, and that of the dog was also 
as virulent for rats and mice as their own virns-fixe. On the other hami, 
the viruses of passage through Equida.*, rabbit, and pig were very slightly 
virulent for rats, mice, and dogs (see Tahiti, p. 197).] 

I Martini’s aim in creating these various strains of the parasite was to 
perfect a method of immunizing cattle against the fly disease in the 
manner outlined by Koch and Schilling. The results were variable. The 
viruses of passage through the dog, cat, pig, and rat were as virulent tor 
the ass as the original virus, or the virus of passage through Etiuidai. 
'fhe viruses of passage through the rabbit and guinea-pig were even more 
virulent. On the other hand, the virus of passage through grey mict: 
took 273 days to kill a donkey, while two donkeys inoculated with a virus 
of passage through white mice were alive and well 13 and ih months 
after inoculation. They had a definite but sligiit trypanosome infection, 
from which they recovered, apparently immunized, as we shall see later.] 
[Thk 1'rvpanosomk o1‘ Till-: 9 Pony. — Tliis animal was scarcely ill at 
all. There were occasional rises of temperature to 38*5'^ or 39'^' C. (101'^ 
to 102 ' F.). Some of the dogs injected with 2 to 10 c.c. of its blood 
contracted a mild infection ; only on<i dog died (in 102 days). A donkey, 
pony, and gelding contracted moderately severe infections, from which 
they recovered, j 

[I*assages through dogs, starting direct from the Togo mare, gave 
very discordant results — some dogs died in 15 to 20 days, others later, 
and some had only a slight infection. On tlu' otluT hand, a well-marked 
series was obtained starting from the gelding, which was infected from 
the mare direct. The earliest dogs of this series died in 13 to 26 days, 
the later ones in 3 to 12 ilays. This virus of passage tliroiigh dogs was 
also raised in virulence for rats and mice, for the initial virus did not kill 
these animals, it also killed a donkey in 83 days. A virus was thus 
obtained identical with the original virus of the r? po»y-] 

I MokPiioLOtiv OF Tin-: Trypanosomfs. The strain ol)taincd from the 

pony was like the typical T. bnicciy but we have alreatly seen that 
Laveran and Mesnil tliink that this virus of M.artini was neither true 
nagana nor surra. ^Teiition has also been made of the changes in length 
prodnceil by |)assage through different aninials, and of the accompanying 
alterations in virulence noted in certain cases.] 

[ATTKMp'rs AT Vaccination. - -ICquidm and dogs cured of a mild 
infection, causvid l)y the strain from the ? pony, did not act|iiire any 
immunity against tlu; (A pony strain. These Jinimals, including the 
original Togo J pony, succumbed to the second infection.] 

I On tlu; other hand, asses which had contracted a mild infection after 
inoculation with the rj strain passed through mice (see above) survived a 
virulent inoculation, which killed controls in qb and 54 days. This is an 
interesting observation, and it remains to be seen whether animals thus 
varxinated will prove efjually resistant to infection by the bites of tsetse 
flics. Martini tliinks, with Koch, that this method of vaccination has a 
grave drawback, the animals thus immunized retaining the trypanosomes 
indeiinitely in their systems. It could, therefore, only be used under 
certain definite conditions.’] 

[The serums of vaccinated calves and asses had preventive and 
agglutinating properties. Mixed with the virus in doses of 0‘5 c.c. 
for the mouse, it prevented an infection. Similar results were 
obtained with dogs. These results are analogous to those previously 
4d)tained by Laveran and Mesnil, and Martini was equally unable to 
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exalt the potency of his serum. ' Kleinc and Hollers^ succeeded in 
increasing the potency of the serum of these asses by giving them 
intravenous injections of trypanosomes (the first injection was with 
guinea-pig's blood, later ones with rat’s blood, at intervals of a 
fortnight.) The maximum potency was reached after the second 
injection with these rat trypanosomes. The scrum then protected 
mice in doses of A c.c., injected cither twenty-four hours before the 
virus or at the same time as the virus, the scrum being injected 
under the skin, the virus in the peritoneum. Injected twenty-four 
hours -rj/Zer the virus, the seruin.still protected, provided the injections 
of A c.c. were repeated several times. In certain cases (early use of 
the scrum in mice infected with a virus from the guinea-pig) the 
scrum was able to cure mice, but in other cases it only prolonged 
life up to twenty-live to forty days. A dog treated with doses of 
■20 c.c. ass’s serum from the fifth day after infection had its life 
pr(jlonged by about ten days.) 

[This scrum was found to have no action upon mice infected 
with the human tr\'])anosomo, so that the action is spcjcitic, as 
Laveran and Mcsnil have also found in many of their experiments.] 

[It is an interesting fact that the donkeys, whicli throughout 
the experiment were in a cachectic condition, eventually died, and 
that their blood was infectious for the dog in 20 c.c. doses,] 

[Section 4. — Trypanosomiases of Cameroon.] 

[These infections have been studied by Ziomami- and by Diesing.*^ 
A short account of Ziemann’s earlier observations is given on p. ti 6. 
In his later publication Ziemann describes in detail a trypanosome 

infection due to a parasite which he thinks may be a new species - 

he calls it 'i\ vivcix, on account of its unusual motility but which, 
he says, is certainly distinct from T. hrucci. Schilling, however, who 
saw the same trypanosome in Togo, maintains that it is T, hrucci, 
sliowing an unusual motility in sheep and calves, but not in the 
rat.] 


[In addition to T, vivax infection in Cameroon, Ziemann met with — 
(i) true nagana ; (2) T, Icwisi in rats, some of the infected rats appearing 
» (3) sporadic cases of human trypanosomiasis ; and (4) a trypanosome 
in birds (kingfisher).] 

[True nagana was found with certainty by Ziemann in two horses, 
one mule, two humped cattle (zebus), and one donkey. All these animals 
except the last had come from the interior, but Ziemann does not deny 
that nagana may occur in the coast regions. GL morsitans and lon^ipalpis 
are not met with in the coast regions, so that the carrier of T, brucei is 
wanting. This explains why horses and mules do well in these parts. 
In the hinterland nagana appears to be propagated by GL fuchiiwidcs.] 

] [Klcine and Mollcrs, Zeitsehr,/. v. 52, 1905, pj). 229-237.] 

® IZfeniann, Deutsche uied, Wocheuschr,, April 9 and 16, 1903 ; Ceutrulh. /. 

b.Crig., V. 38, i()o 5 , pp. 307, 429.] 

■ L ‘Closing, Arch./, Sehi^s ii. Tropcnhyi^.y v, 9, 1905, p. 427. J 
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[Infection with Trypanosoma vivax. — According to Ziemann, this infec- 
tion is imicli commoner in Cameroon than nagana. It is very prevalent 
among cattle, slieep, and goats along the whole forest region of the coast 
and in the river valleys. Dogs, cats, and pigs were found not to suffer 
from the natural infection. Animals brought from immune districts into 
infected areas died in large numbers of this trypanosomiasis. Tlie infection 
seems to vary with the seasons, epidemics occurring at the height and 
towards the end of the rainy season.] 

[Morfhologv of the Trypanosome. — In the living state T, vivax is 
distinguislied from other pathogenic trypanosomes by its extraordinary 
activity, which is as great as that of 1\ lennsi. Stained specimens resemble 
T, evansi (of surra) so closely that Laveran could see no difference l^etween 
them. Ziemann gives several characteristics by which T, vivax may be 
distinguished from T. hritcci, one being the great difficulty in differentiating 
the sexual forms of 7'. vivax.^ 

[The Natural and Experimental Infection in Animals. — The 
natiiral disease in cattle, sheep, and goats may be very acute, killing in a 
few days ; or it may be very chronic, lasting a year or more. Such 
chronic cases in sheep and goats may end in recovery, but the animals 
are not immune, for relapses may occur, which are rapidly fatal, or may 
again end in recovery. Cattle, apparently, never recover from the disease, 
'fhere is irregular fever, loss of appetite, and in very acute cases in shec]) 
and goats there may be tonic and clonic spasms. In chronic cases the 
appetite may remain good ; in cattle and artificially infected asses the coat 
was harsh and staring. In acute cases tlic cattle, apparently well the 
day before, fell down obviously very ill, the eyes dull and glassy, and 
mucus often dribbling from the mouth. The pulse and respiration ar<i 
increased; before death the temperature is often subnorivud. Unlike 
nagana, aaiemas and petechial haemorrhages are al)sent, even in chronic 
cases. Anjcmia was marked in all cases, and in the acute cases was 
profound (red corpuscles, 2,130,000; lia*moglobin, 22 per cent.).] 

[7'he disease did not appear to be inherited, nor \vere the offspring of 
infected mothers immune against the natural or experimental infection.] 

[The incubation period is five to eight days in the natural or experi- 
mental infection.] 

[Post-mortem there are signs of anamiia, yellowish gelatinous masses 
on llie p(;ricardiiiMi and kidneys, and some fluid in the serous cavities. 
The liver and spleen are not enlarged in acute cases. Inoculated grey 
rats died in 8 to ii days; donkeys died in 52 to 290 days, the disease 
being much more chronic in them than true lly disease. A dog and 
a native sucking-pig developed a slight temporary infection. White rats, 
geest?, ducks, native hens, young turkeys, a native cat, and an old pig, 
were all refractory.] 

[Mode oi' Tkans.mission. — Tsetse-flies are absent from the districts 
where this disease is most prevalent, so that 7\ vivax cannot depend on 
Giossina for its transmission. Ziemann incriminates Tabanida) or Sfomoxys, 
but gi\ es no conclusive evidence in support of tins. From certain facts 
observed, he thinks the carrying insect, whatever it may he, acts as a 
dcJlnUirc liost for the trypanosome, which it allows to multiply in its body. 

[Prophylaxis is difficult, if not impossible, owing to the character o 
the country and the ignorance and distrust of the natives. Genera 
hygienic measures should be adopted, and attempts made to exterminate 
biting flies and other insects. Ziemann also suggests inoculating very 
young animals, so as to give them a mild infection, which in some cases 
he f*)und conferred immuniiy.] 

[1 his trypanosomiasis may belong to the group of nagana-like diseases 
not dependent on the tsetse for their transmission, or it may be a variety 
oi sLura.] 
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[DiesIng {loc. cit.) has given a general account of the fly disease 
in Cameroon. In the coast regions the disease may remain latent 
for a time. It affects especially the overworked and badly-fed 
horses and the stallions during the pairing season ; it is rapidly 
fatal- The Adamaoua asses, on the other hand, recover from the 
infection. The serum of these cured and immunized asses, injected 
into nagana cattle and horses, produces an improvement in their 
condition, which lasts about a month. Injections of the serum 
(40 to 50 c.c.) into healthy cattle give rise to a temporary passive 
immunity lasting about a fortnight, sufficient to enable the animals 
to pass through a fly belt.] 

[Section 5. — Trypanosomiasis of Somaliland.] 

[Brumpt^ has recorded a trypanosome epizootic of dromedaries 
in Ogaden (see p. 115), known locall}' as Aino. It would appear to 
be propagated by GL lon^i^ipeitnis.] 

Camels (dromedaries) are very susceptible to the natural disease ; 
nevertheless they can live for a very long time if they do not work. As 
a local symptom there is little else than a^dema of tlie supra-orbital fossa. 
The animal dies with a subnormal temperature. At the autopsy a large 
(juantity of peritoneal fluid and a little pericardial fluid are present ; but 
no hypertrophy of the spleen. A mule died of the same disease, also with 
a subnormal temperature, three weeks after its arrival in the infected area. 
Inoculations were made into a donkey and a young camel. At the end 
of three days parasites appeared in the blood. The donkey died in less 
than thirteen days ; the camel was still alive at the end of that time. The 
Ceycopithecus saherus is susceptible; a baboon {Theropilhecns ^elada) ^\noc\\- 
lated subcutaneously proved to be refractory.* A bitch two months-old 
inoculated intravenously showed the parasites very fiuickly ; she died in 
three and a half months, after having exhibited a sero-purulent bullous 
eruption on the abdomen (at the end of a fortnight), auenemia, wasting, an 
ulcer of the left eye, and finally, tw-o days before death, paralysis of the 
posterior extremities. The trypanosomes ‘ closely resemble those of 
nagana.’" 

f Theilcr* found the same disease in thirty-four out of thirty-si.x 
camels that were brought from Somaliland to Pretoria.] 

[One camel died before arrival, and six soon after arrival, in Pretoria. 
1 he W'astiiig, ana'imia, and absence of parasites from the blood on micro- 
scopical examination suggested a trypanosomiasis, which was coniirjned in 
all the cases but two by injecting .some blood into dogs. In six of the 
cases the dogs did not become infected until after a second injection 
{20 c.c. of blood used). This shows how difficult it is sometimes to make 
a diagnosis ; moreover, in some cases the dogs did not become infected 
until tW'O and a half months after inoculation. The virus, after passage 
through the dog, was not very virulent, killing a horse in 66 days, 
a rabbit in 108 days, a rat in 30 days, and dogs in 12 to 90 days. 

^ [Brumpt, C. R, Soc, BioLy v. 56, 1904, pp. 673-675.] 

^ [In the original this paragraph was a footnote to p. no.] 

[Theilcr, Rcik gen. mdd. v^ier.y v. 7, 1906, pp. 2918-303 ; abstract l)y Mesnil, 
BuIL hist. Piuf.y V. 4, I9c^, p. 453. Also Theiler, in Transvaal Agric. Journ.y 
1906, of which an abstract is given in Vet. Journ.y v. 13, 1906, pp. 214-218.] 
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An inoculated mule, ass, ox, sheep, and goat were still alive loo days 
later.] 

[On account of its feeble virulence, Theiler concludes that the 
disease is mbori (a variety of surra), and not nagana. The disease 
may be true nagana, the feeble virulence being due to the ‘ genealogy * 
of the trypanosome (Mesnil), or it may belong to the tsetse group of 
nagana-like trypanosomiases. In all probability it is not surra, 
because in Somaliland it appears to be conveyed by a tsetse-Jly. 
Attempts to transmit the disease from KquideC to E(juidce by 
HiJI>pobosca and Stonwxys failed.] 

[Section 6. — Trypanosomiases of Abyssinia and Erythrea.] 

[As stated on p. 115, Hallen and Savonre have observed a. 
trypanosomiasis in Abyssinia — the former amongst horses, the latter 
amongst cattle. Both these observers regarded this tryi)aiiosomiasis 
as surra, but Brumpt thinks it the same as that hnind in the Juba 
Valley, and in British and (ierinan East Africa — a true tsetse 
disease.] 

[A dog which accompanied the Al)yssinian Boundary Com- 
mission (1903) developed a trypanosomiasis, which was studied by 
Nabarro, Greig, and Gray (see Section 8).J 

[In ]:-r}throa there is a. bovine infejction, called giaan hy the 
natives, which has been investigated by Memmo, Martoglio, and 
Ada,ni.'J 

[1 he disease in cattle resembles nagana or surra, but ajdemas and skin 
lesions arc absent. T(nvards the end of the disease nervous symptoms 
are very marked, and the temperature may be subnormal. Ai)yssiiiian 
sheep and goats are very susceptilde 10 this trypanosome inferdion, dying 
in tweh e days. An inoculated horse and ass became infected and died in 
a year and five months respectively aft{?r inoculation. The mouse, rat, 
guinea-pig, rablnt, dog, fowl, and monkey appear to bo insusceptible 
to this infection. They all failed to show trypanosomes on microscopical 
examination, except the rat during the first few days.] 

I One animal, which during the last week of its illness showed a typical 
clinical picture of ‘sleeping sickness,’ had areas of cerebral softening con- 
taining numerous trypanosomes, but no trypanosomes were finiud else- 
where in the body.] 

[ 1 he ti vpaiKJSorne is morphologically like 7 \ hrucei or T. evansi, 
but is not more than 24 /* long, free flagellum, which is fairly long, 
included. It is extremely motile, like T, vivax of /iiemann. This 
trypanosomiasis appears to be very virulent for ruminants, and thus 
differs from t\pical surra. In many respects it resembles the 
disease described by Cazalbou in French Sudan under the name 
Sonina, I here is no tsetse in the infected area, and the suspected 
fly is a labanm or a Hippoho^ca^ 

[Mcnur.o, -Martoglio, and Adani, Annali (fjgienc sperim^^ 1905, pp. 1-46.] 
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[Section 7 . — Trypanosomiases of the Ang-lo-Egryptian Sudan.] 

[Balfour' and Head- have made a study of these diseases, which 
they found in cattle at Kodok (formerly Fashoda), and in liquidfe 
from the Bahr-cl-Ghazal province.] 

[Six mules were taken from Khartoum to the Bahr-ehCjlia/al ; they 
remained there for five moTiths, and were then taken hack to Kliartoum, 
l^'rom thirty to fifty days after their return four of the mules bej^^an 
to show sifjfns of a trypanosome infection (progressive ana inia and fever), 
and they all died in fourteen days after the onset of the symptoms 
(Head).] 

[Balfour found trypanosomes in a donkey and in mules also from the 
iiahr-el-Ghazal province. Tsetse-flies Avere first recorded tlu're by the 
L’etheiicks in 1869, and in 1903 Colonel (jrifiiths found Gl. morsilaiis on 
the Ponj^o Kiver, at Runbek, which is the most northerly point of occur- 
rence yet recorded for the Sudan.] 

[Trypanosomes were also found in cattle broiij^ht from the Shilluk 
country. The cattle appeared ill, and on examination tryjiaiiosomes were 
found in tlic blood, 'flu^ iliseasc is particularly prevalent in the valley of 
the Sobat and of its tributary, the Haro, especially at Bang, in Abyssinian 
territory; three mules coming from Bang were also infected. An intected 
ox was discovered fifty miles to the north of Kodok (l^ashoda).] 

[J-averaiv* has described the morphology of these trypanosomes, 
(i) The trypanosomes of cattle are all small — 10 /* to 14 /a long by r5 /a to 
2 /A broad, with very narrow undulating membrane^ and no free llagelluin. 
These characters, together with the non-pathogenicity for dogs, rabbits, 
and monkeys, point to the probability of this being a new species of 
trypanosome, which Laveran calls T. uanum, B is possil)le that some of 
the Uganda cattle were infected with the same trypanosome.] 

[(■2) The trypanosomes found in the runlets blood are ot two distinct 
types: (i/) Small forms, 12 /a to 14 /a long, without free flagellum, but with 
a well-developed undulating membrane, and resembling the small Jornis of 
T. dimorplion ; (b) large forms, 21 /a to 30 ji long by 2 /a wide, with free 
fiagcllum, and resembling T. evausi. Laveran thinks it is either a case of 
mixed infection or infection with T. dimorphou, Balfour inclines to the 
latter view, but notes that his inoculated dogs developed eye troubles, 
whereas l')iitton and Todd never observed this.] 

[Tlie affected cattle usually die profoundly aiKcmic and cacliectic, 
but sometimes the trypanosomes disappear from the blood, the animals 
appear well nourished, and possibly, if well looked after, they may 
recover spontaneously. Bi fatal cases Balfour often found a congested 
or ulceraled condition of the stomacli, spirilla being found in the lesions 
present.'* Animals - - rabbit, dog, and monkey (Ccrcopithccus saheusy— 
inoculated with this trypanosome, T, namim, were found to be refractory-.] 
[The mule trypanosome — probably T. dimorphon — was patliogenic 
for various animals. Dogs show^cd the usual symptoms, and always 
developed corneal opacities. Two dogs Avhich were untreated died in 
twenty-three and twenty-five days. Some dogs had gastric ulceration with 
spirilla in the blood-clots. A Ccrcopithccus sabecus died in fourteen days ; 

' [A. Balfour, Bn/. Med. Jonni., iw. No. 2, pp. 1455 . 

Journ.^ N.S., V. 18, 1905, pp. 202-212 ; Journ. Ptd/i. and Bact.i v. 11, March, 1906 
pp. 209-236.] 

- [A. S. Head, /ourn. Comp, Path, and Therap., v. 17, 1904, pp. 206-208.] 

^ [Laveran, C,R, Soc, Biol., v. 58, February 18, 1905, pp. 292-294.] 

** [Balfour suggests that the spirilla in the gasiric lesions. may indicate the way 
the trypanosomes leave the \iCidy—per anuin ; but there is no proof that the stools 
can convey the infection.] 
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jerboa (Jaculus gordoni) in six days; gerbils (Gcrhillus fiygafgtts^ the 
common desert mouse) in fourteen days. A rabbit and a goat also 
became infected.] 

[Chrysoidin and the serum of a ‘water-buck* were valueless in the 
treatment of this trypanosomiasis.] 

[Section 8. — Trypanosomiases of Ugranda and Adjacent Parts 

of East Africa.] 

[During the course of their investigation.s on sleeping sickness in 
Uganda, Bruce, Nabarro, and Grcig discovered several other 
trypanosomiases in cattle, a mule, and a dog. The trypanosomes 
present in these diseases and their effects upon experimental animals 
were fully worked out by Nabarro, Greig, and Gray.^ These trypano- 
somiases included — (i) a disease among transport oxen in ICntebbe, 
Uganda; (2) an epizootic affecting a herd of cattle brought from the 
Bukedi country (Wamia’s District, south-west of Mount Elgon) to 
Jinja, Busoga; (3) an infection in a dog which had accompanied 
the Abyssinian Boundary Commission ; and (4) an infection in a 
mule in Entebbe.] 

(i) Trypanosomiasis of Oxi-:n in ENTKinn?. — Of three sick oxen, 
markedly emaciated and with coat staring, two showed trypanosomes 
in the blood. Thinking this might be the parasite of nagana, Bruce, 
Nabarro, and Greig injected 2 c.c. of blood containing many trypano- 
somes into a dog. The dog did not become infected. A further injection 
of 5 c.c. infective blood from the same ox was made two and a half months 
after the lirst injection, and with the same result. It is therefore very 
unlikely that this was 7'. hruceu- 

[These oxen came from East Africa about three years before they 
became obviously ill. They remained quite well in Entebbe, until 
they were placed near the forest to graze. In this forest, which is 
near the shore of the Victoria Nyanza, many tsetse-flies (GL palpalis) are 
found. I 

['I'his disease of cattle appears to run a chronic course. Progressive 
wasting is the most obvious sign, and in the later stages the lymphatic 
glands are greatly enlarged, and there are daily rises of temperature 
to i0'4.° or 105® F. (40"' to 41"^ C,). The parasites, which are numerous in 
the blood at first, may disappear for several weeks liefore death. In 
one case they could not be found in the blood during the last six 
weeks of life, even on centrifuging 10 c.c, A dog and a monkey in- 
jected with this blood, taken immediately after death, failed to become 
infected. | 

[Post-mortem the superficial lymphatic glands are enlarged and 
cejngested, and all the organs are somewhat anamiic. I'he spleen is only 
slightly enlarged.] 

[This disease is known locally as Mtikehi, It is almost certainly 
not nagana, as its trypanosome is not pathogenic for the dog. 
Its exact nature is uncertain, and unfortunately the trypanosome 

^ [Hnicc, Nabarro, Greig, and Gray, ‘Reports of the Sleeping Sickness Com- 
mission of the Royal Society, London,’ Nos. I., IV., V., and VI., 1903-1905; 
absinicis of V. ami VI. in A’////. Im/, Pasf.^v, 3, 1905, pp. 771-777.] 

[ I Ins paragraph is in the original of Laveran and Mesnil’s book as a footnote 
to p. 1 10. j 
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was lost, owing to its non-pathogenicity for experimental animals. 
Several other oxen in Entebbe were subsequently examined, but this 
trypanosome was not seen again. The trypanosome resembled 
T. gcimhiense in appearance, so this disease is probably not the same 
as that seen by Balfour in cattle in the Anglo- Egyptian Sudan, due 
to T. nanum. It may, however, be the same as that described by 
Memmo in Erythrea, by G. Martin in French Guinea, and by 
Caxalbou in French Sudan, under the name Sotuna,] 

[(2) Trypanosomiasis of Cattle brought from J^ukedi to Jinja, 
Busoga. — On their way from Bukedi to Jinja these animals halted 
at several places, in all of which a tsetse-lly {GL pallidipes) is found. 
When first brought into Jinja they were apparently healthy, but later on 
died at the rate of five or six a day. Over 60 per cent, of the cattle 
showed trypanosomes in their blood when first examined, and within 
a month 50 out of 210 (24 per cent.) had died. 'I'he duration of the 
disease, as gathered from local information, is possibly two to three 
months; a bullock injected with the virus, which had been passed 
through a monkey and then a dog, died two and a half months after 
inoculation. A year after the discovery of this disease the cattle were 
again examined, and 50 per cent, had trypanosomes in the blood, yet the 
animals appeared tvcll and were not dying of the infection. The virulence of 
the epizootic had become greatly modified, either through attenuation 
of the parasite or, as is more likely, through the animals having become 
immunized.] 

|The native name of the disease is Sutoko, and it has been 
regarded as an internal form of Miikcbi, When only the external 
glands are enlarged many cases are said to recover.] 

[The symptoms observed in naturally infected cattle are often not .very 
marked. There is some wasting and enlargement of the lymphatic 
glands; usually there is pronounced anaemia. The animals often die 
quite suddenly and in fiiirly good condition. In more chronic cases they 
waste considerably, and are moribund for several days.] 

[Post-mortem the supraclavicular and cervical glands are enlarged 
and congested, sometimes lueinorrhagic. In some cases there is excess 
of fluid in the serous cavities. At the base of the heart there is yellowish 
gelatinous material, which is also found at times in the subcutaneous 
tissue and at the root of the lungs. In most cases petechiie are seen 
under the serous membranes, especially the pericardium and, less fre- 
quently, the endocardium. The blood and organs are pale, but otherwise 
normal ; the spleen is somewhat enlarged and congested,] 

Morphology of the Trypanosome. — The trypanosomes seen in the 
blood of the naturally-infected cattle varied coiLsiderably in size and shape : 
(i) Short, stumpy forms, average length about 12 /* to 13 /x, including free 
flagellum, 2 /x to 4 /x. Occasionally very short parasites, only 7 /x long, were 
seen. (2) Longer, more slender forms, 20 /x to 25 /x long, including free 
flagellum, 8 /x to 10 /x. In one animal a very long parasite was seen — total 
length, 44 /x; free flagellum, 18 /t — about to undergo division (the centro- 
some had just divided).' In the short forms the posterior end was usually 
very blunt, w'hile in the longer forms it was more drawn out. Similar 
variations in size and shape were seen in inoculated animals. In an ox, 

' [This was probably T, theileri; sec Chapter XI. This trypanosome is figured 
in the Roy, Soc, Sleeping Sickness Rep,^ No. V., 1905, Plate I.] 
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sheep, goat, and dog the trypanosomes were usually short and stumpy, 
with a very short flagellum. In monkeys and a guinea-pig they were 
long and thin, but sometimes the one form and sometimes the other form 
predominated in the blood of the same animal. 

[Experimental Inocl't.ation into Animals. — This trypanosome was 
found to be pathogenic for the following animals : monkey* {Cercopithccns 
sp.), dog, rat, rabbit, guinea-pig, sheep, goat, ox, and Masai donkey; 
the dog-faced l)aboon was refractory. In w^liite rats the incubation period 
was 4 to 8 days, average 5 days; the total duration of the disease 10 
to 29 days, average 20 days. In guinea-pigs the incubation period 
was 6 to 19 days, average 9 days ; and the total duration 9 to 93 
days, average 35 days. In both these species of animals death often 
occurred very suddenly. In monkeys (Ccrco pith ecus) the average incu- 
bation period was 6 days (limits, 4 to 10 days), and the disease lasted 
days (limits, 28 to 8b days), (('iray and Tulloch.)-] 

[A bullock injected wdth trypanosomes (after passage through a 
monkey and then a dog) Ix'caine infected after an incubation period 
of twelve days. During the course of the disease there was w’ell-marked 
intermittent fever, the temperature rising to 105"^ or I". (4[° C.) every 
day, and sometimes e\en exceeding 107*^ b". (41*6° C.). Tlie symptoms 
were slight : some weakness anti w’asting, also slight opacity of both 
cornea*. Trypanosomes were constantly present, and two days before 
death the animal appeared obviously ill, lying down and unable to rise. 
It died two and a half months after inoculation, tht^ evolution of the 
disease, as well as the post-mortem appearances, closely resembling those, 
observed in the natural infection. The brain was not unlike that seen in 
sleeping sickness cases, but careful study of it by Mott'* failed to reveal 
any nieningo-encephalitis or bacterial infection. The ganglion cells, 
however, showed chromolytic changes, and there were many minute 
capillary haemorrhages. The vessels were full of hodujs resemlding 
Leish man’s bodies. | 

[The disease appears to be propagated by tsetse-flies, 67 . patluUpcs 
and 67 . palpalis occurring where the disease is endemic. GL palpalis fed 
on an infected monkey, and six and twenl} -four hours later on healihy 
monkeys, were able to convey the discjase to the latter. In the stomach 
contents of 67 . palpalis actively motile trypano.somes were foinul 
TOO hours after a meal of infective blood. In one of the Hies dissected 
seventy-one hours after a feed the trypanosomes were very numerous 
and very actively motile. When stained (hey appeared fpiite different 
from the cattle trypanosomes, and were probably ‘ wild ’ tsclse-lly 
trypanosomes (see Chapter XVJIL, ‘The 'riypanosomes of llie Tsetse- 
Fly ’). No developmental or sexual stages could be made out in the 
stomacli contents of the flies ; the changes in the trypanosomes all 
appeared to be degcnerati\’e. In the stomach contents of Sbwioxys this 
variety of trypanosome was found active only twenty -four hours after a 
feed.] 

[Greig and (jray^ think that this trypanosome ‘ most closely approaches 
the classical African type (nagana), I'lnd is prol)ably identical with it.’ 

* [One of till! inoculated monkeys iCcrropilhccm) wliich showed the tiypnno- 
some in its blood eight days after inoculation harijoured filaria emhryosNvliich 
appear 10 be a new species, 'fhey were about 200 /i long (1.S9 to 218 hail a 
pointed tail and no sheath. There was a clear space at the head, and the break in 
the continuity of the protoplasm was about 46 /t from the head end. A Slomoxys 
fed on this monkey had actively motile filarijc, as well a.s trypanosomes, in its 
stomach twenty four hours after feeding. No trace of the parent worm could be 
found post-mortem. ] 

[( ’.ray and^Tulloch, .S'. .S', Comm, Rep,^ No. 8, 1907, pp. 71-80.] 
j Proc. Roy, Soc,^ Ser. B, v. 76, 1905, pp. 239-241.] 
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From the morphological appearances seen in the naturally infected 
cattle and in some of the inoculated animals, it rather appears to resemble 
T. dimorphon,] 

[(3) Trypanosomiasis of thk Abyssinian Fpontiek, — This try- 
panosome was obtained from an English dog which had accompanied 
the Abyssinian Boundary Commission. Other animals had succumbed 
to the same disease — namely, eleven Boran and Abyssinian ponies, 
several camels, and live dogs. None of the Abyssinian donkeys or 
mules were affected, and an Abyssinian dog which had accompanied 
the English dog throughout the expedition remained quite healthy.^ 
I'rom the boundary the route taken was via Lake Rudolph and 
Baringo to Nakuru. Two ponies died of the disease at Nakuru, 
and as the journey from Baringo to Nakuru occupied only four days, 
the infection probably occurred at or near the boundary, and 
certainly some distance north of Baringo.] 

[The affcicted dog- was half Airedale and half bull Lcrrier. It had 
previously been famed for its pluck, but afterwards became V(.:ry nervous. 
1'he dog developed opacity of both cornea;, and became emaciated. 
'I'owards the end there was irregular fever, and the number of trypano- 
somes in the blood varied considerably from day to day. The total 
duration of the disease in this dog could not be ascertained exactly, but it 
was probably two and a half to three months. | 

[l\3st-mortem the only noteworthy lesions weni considerable en- 
largement of the spleen, slight enlargement of the abdominal lymphatic 
glands, and small embolic areas under the pleura;. All the other organs 
and cavities w'ere normal.] 

[MokpholocjY ok Tirii: Trypanosome.- —In the naturally infected dog 
and in injected animals the trypanosomes were long and slender ; total 
length, 20 fi to 30 /X ; free flagellum, 6 /x to 8 fi. The posterior i;nd was, 
as a rule, sharply pointed. On one occasion, when the parasites were 
very numerous in the dog’s blood, many ‘paired’ forms Avere seen, 
in which the posterior ends overlapped considerably, and appeared to be 
fused.] 

[Animat. Inoculations. — Dogs, monkeys, a guinea-pig, rats, a sheep, 
goat, ox, Masai donkey, and dog-faced baboon wore inoculated with this 
trypanosome. The dogs, monkeys, guinea-pig, rats, and donkey showed 
trypanosomes in their blood, and all succumbed to the infection. The 
disease was more chronic than that produced by the ‘ [iiija-cattle ’ 
trypanosome - the infection in the guinea-pig lasting for nine months, for 
<;xample. The ox, sheep, goat, and baboon never showed tryi)anosonies 
in tlieir blood, but a dog injected with the ox bk)od b(;camc infected, 
showing that the ox was not immune against this variety of trypanosome. 
Without having tested by inoculation into dogs whether the blood of the 
slieep or goat was infective or not, ( ireig and Gray inoculated tliese two 
animals with the Jinja trypanosome, with fatal results. They conclude 
from this experiment that the Jinja and Abyssinian trypanosomes are 

^ [This dog was susceptible, however, as it became infected after experimental 
inoculation w'ith the trypanosome.] 

[The disease in this dog was diagnosed by Mr. R. J. .Stordy, Chlel Veterinary 
OlTictT of the Uganda and Kast Africa I'rotcc to rates. We take this op])ortunity of 
thanking Mr. Stordy for sending the dog to us, and so enabling us to study this 
trypanosomiasis.] 
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different. As Mesnil’ points out, this conclusion is not justified, because 
(i) it had not been prov^ed by injection into dogs that the animals were 
not infected with the first trypanosome, and the second trypanosome may 
have been a more virulent strain of the same species ; and (2) it had not 
been proved that the sheep and goat w^ere cured and immunized against 
the first trypanosome \vhen the second was injected. Even if lliey were 
cured and immunized against the Abyssinian virus, the objection might 
still be raised tliat this vaccine was too feeble to immunize against the 
more virulent strain (the Jinja variety).] 

[The chief symptoms in the susceptible canimals were irregular fever, 
wasting, and, in some cases, rapid anaunia. CEdema, glandular enlarge- 
ments, and opacity of the cornea were absent.] 

I Post-mortem the spleen was somewhat enlarged, and small hemor- 
rhages were present under the pericardium and pleura?. There were 
no other lesions.] 

[Tlie disease may possibly be carried by tsetse-flies. Austen states 
that 67 . fitsca has been found on the north-eastern shores of l-ake 
Rudolpli, but we have no information as to the presence of Glossina 
at or near tlie Abyssinian boundary, where the disease was probably 
contracted by the Commission’s animals. GL palpalis fed ori an in- 
fected monkey, and six and twenty-four hours later on healthy monkeys, 
convoyed the disease to the latter. In the stomach contents of 67 . palpalis 
. h motile trypanosomes were found only five and a half hours 

after feeding on an infected animal {cf. the Jinja trypanosome — 100 
hours). In Siunioxys active trypanosomes were found as long as twelve 
hours after a meal.] 

[(4) Tuypanosomiasis of a Mulk IX KxTKJUiK. — The mule in 
which the disease was discovered had been in Africa about five years. 
At first it was in the * lly belt * in the East Africa Protectorate. At the 
time it came under observation it had been in Uganda about eighteen 
months, and remained well until it had fever and swelling of the 
glands in the groin.] 

[It was first noticed to be sick on July 3, 1903, but was not brought 
up lor examination until September 9. It then had fever [105^^ to 107^^' I'\ 
(40*5"“ to 41*0' C.)], was rather wasted, and the glands in the groin were 
slightly enlarged. Tliere was no mdema or swcjlling of the sheath. 
Its appetite was good. A few very vacuolated trypanosomes were found 
in blood-films. Three days later the blood was very pal(3 and w-atory, 
and no trypanosomes could be found in films. The next day the animal 
fell down and was unable to rise again ; its breathing Avas very hurried, 
and it died shortly after. During the last four days of life the temperature 
was raised (105*' to 107'^ F.).] 

[Post-mortem nothing characteristic was found ; the organs were 
pale and the s])leen was enlarged. No trypanosomes could be found on 
centrifuging 10 c.c. blood taken half an hour after death, but this blood 
wa.s found to be infective on injection into monkeys.] 

[Mokmioi oc.y oi' THii Trypanosome. — The parasites were very scanty 
in the blood of the mule four days before death. Those seen in blood -films 
were rather sliort and very vacuolated. On injecting the blood into a dog, 
however, the parasites which appeared in the latter were long and thin. 
In another dog injected with the blood of an infected monkey, which at 
times had very broad, stumpy trypanosomes in its blood, the trypanosomes 
tvcrc long and tiiin — average total length 27 /x, free flagellum 7 to 10 //. 

‘ [Mesnil, Bui/. Inst. Pasi.^ v. 3, 1905, p. 776.] 



TRY1\ OF UGANDA AND liRITISH E. AFRICA 209 


The undulating membrane and flagellum were well stained, and the 
posterior extremity was truncated. A very broad form (? sexual) was 
peen — total length, 17^1; free flagellum, 6 /x; greatest width, nearly 5 /*. 
Similar variations were seen in other animals, the short, stumpy forms, 
with vacuolated protoplasm, being common in monkeys and a guinea- 

[Animaf- Inoculations. — Monkeys, dogs, rats, a rabbit, jackal, baboon, 
guinea-pig, Masai donkey, ox, sheep, and goat were used. The monkeys, 
dogs, rats, jackal, guinea-pig, and donkey became infected and died, 
I'lic rabbit, after an incubation period of fifty- seven days, showed trypano- 
somes in its blood on two occasions, but was still alive a month later (at 
tlu? time the report was written). The ox, sheep, goat, and baboon never 
showed trypanosomes in blood-films, but the blood of the ox was found 
infective for a dog on injection. The other animals were not tested in 
this way. The sheep lived nearly nine months, l)ut trypanosomes were 
never found in its blood. There was no fever, and the animal died in 
good condition. There was no a^dema or opacity of the cornea. Post- 
mortem there was some effusion into the pericardium, and much jelly-like 
material around the base of the heart. The spleen was not enlarged. 
From the, course of the disease, the post-mortem appearances, and the 
omission to test the infectivity of the blood for dogs, it is by no means 
certain that this sheep died of a trypanosome infection, asGreig andCiray 
think was the case. ] 

[The ox and goat were subsequently injected with the Jinja variety 
of trypanosome, which produced a fatal infection in both cases. Grcig 
ami Gray conclude from these experiments that the Jinja and mule 
trypanosomes are different, but the same objections may b(j raised as in 
the case of similar experiments with the Abyssinian trypanosomes (see 
p. 2oS).| 

r The jackal experiment was interesting. The animal devoured an 
infccteil monkey, and thirty-six hours later had very many trypanosomes 
in its blood. The parasites continued present throughout tlie disease, 
ami the jackal died fifteen days after eating the monkey.] 

I Most of the injected animals had irregular fever, and varying degrees 
of anamiia and wasting. Cl^dema, glandular enlargement, and corneal 
opacity were absent. Post-mortem the only constant lesion was splenic 
cinlargement. In the brain of the ox whicli was inj<ictcd witli the mule 
trypanosome, and later with the Jinja variety, Mott^ found a few 
chromatin bodies, resemViling Leishman’s bodies, in the small vessels, as 
well as trypanosomes and forms like the ama.boid forms of Iliadlord and 
Plinimer.j 

[The disease may possibly be conveyed by tsetse-flies. • The infected 
mule had been in the ‘fly belt’ of East Africa, and we know tliat 
01 . palpalis is pre.sent in Entebbe. GL palpalis on an infected monkey, 
and twenty-four hours later on a healthy men key, conveyed the disease to 
the latter. In the stomach contents of these flies sluggishly motile trypano- 
somes were found twenty hours, and in the stomacli of Stomoxys as long 
as tliirty hours, after a meal of infective blood.] 

[This mule trypanosomiasis resembles the Abyssinian Boundary 
disease in being less virulent for experimental animals than the 
Jhija cattle disease. This was most marked in the case of 
niminants, which never showed the first two trypanosomes in 
blood-films, yet on subsequent inoculation with the Jinja trypano- 
some succumbed to the infection. As has already been stilted, this 

‘ [Mott, Proc. Roy. Soc., Scr. 13 , v. 76, 1905, p. 240.] 

14 
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does not prove conclusively that the trypanosomes are specifically 
distinct; it may be that the Jinja strain is merely more virulent 
than the other two strains.] 

[The behaviour of these trypanosomes in the stomach contents of 
biting flies (Glossimi and Stomoxys) suggests that they may be at least 
two distinct species. It was found, moreover, that the Abyssinian 
and Entebbe mule trypanosomes remained active for a longer 
time after a meal in the stomach of Sionioxys than of GL palpalis. 
Perhaps these two diseases are more allied to surra than to true 
nagana, although Nabarro, Grieg, and Gray found that CL palpalis 
was able to convey all three trypanosomes from infected to 
healthy monkeys. Similar feeding experiments — with intervals of 
eight and twenty-four hours between the successive feeds upon the 
infected and the healthy animals — were all negative with Stovwxys. 
Nevertheless, Stomoxys conveyed the disease directly to several of our 
experimental dogs, the flies biting the sore and bleeding ))lac(‘s on thi* 
dogs’ cars, and then immediately alighting on similar sore places on 
the other dogs.] 

[Einally, it is possible that the Abyssinian and the Entel)bc 
mule trypanosomiases may be one and the same disease, ami 
identical with the mule disease described by Ihilfour in the Anglo- 
Egyptian Sudan (see Section 7).] 


Section 9. — Trypanosomiases other than Dourine, found in 

Algeria. 

The first authentic record of a trypanosome in Algeria is that of 
Chauvrat, made in 1892.^ This veterinary surgeon discovt .red it in 
the blood of a horse suffering from profound anremia, the horse 
dying scane days later. Chauvrat regarded it as a case of surra, but 
it has since been looked upon as one of dourine, as a result of tlie 
discoveries of Kouget and of Schneider and J:>uffard of a trypano- 
some in horses suffering from that diseas<\ It appiiars, now that 
the existence of Algerian trypanosomiases other than dourine has 
been demonstrated, that we must give up this retrospective diagnosis 
of dourine;- but a certain doubt will always exist, as Chauvrat made 
no experiments with the parasite. 

We shall reserve for the chapter on dourine the discussion of 

^ Chauvrat, /\Vr. med, 8th series, v. 3, No. 11, June 15, iSc/), 

p. 344. Chauvrat published this note inHiicdiaUily aiier tlie announccinent by 
Lej^iain of lUaigie of the disemery of a Irypaiiosome ‘ in a kind of varicose 
svveliiuj^'s on tin: outer surface of tlie pericardium of a cow killed in the slauglitcr- 
hoii.se' fAVc. mt'd. 7/c'A;V., April 15, 1896. p. 266). 

- t he horse, which came from Barika, was brought to Batna, where it died six 
days later. It was a hide-bound skeleton, sulferinj^ from extreme anaunia, and 
toUerin<j upon its stiff and swollen legs; the nl)dominal region was also swollen. 
The day before death its temperature was 39’2’' C. [102*6 CK.J. At tlie autop.sy 
made inunediately after death Chauvrat found in the heart blood a large mimbei 
of very active trypanosomes about (yo fi long (?), often joined by their posterior end'^* 
(.'Cauvrat recorded It as a sporadic case of surra or nagana. 'fhe discovery <)t 
many trypanosomes in the blood is rather against its being dourine. 
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the question whether the trypanosome found by Rouget in 1894, 
.'ind described by him in 1896, is or is not the parasite of dourine. 

There can be, however, little doubt about the trypanosomiasis of 
horses in the extreme south of Algeria, in the Oran district, recorded 
in 1903 by the military veterinary officers Szcwzyck' and Rennes,-' 
or about the trypanosomiasis of dromedaries in the department of 
('onstantine, recently described by the brothers Sergent.'^ Both 
these trypanosomiases appear to be distinct from dourine. 

Trypanosomiasis of IIorsfs. — The disease of horses described 
l^y Szewzyck and Rennes was observed amongst the horses of the 
Spahees of Sidi-Medjaheb and of r>cni-Ounif (valley of the Ziisfana). 
Rennes suggests the provisional name mal dc la Zitafami for this 
disease. 

The microscopical diagnosis was made by Schneider from blood- • 
tilms which were sent to him by Szewzyek. In these films he found 
very many trypanosomes, differing (?) morphologicall}' from the 
trypanosome of dourine. The disease, sa}s Rennes, resembles the 
chronic forms of trypanosomiasis, but a special character is given 
to it by certain nervous symptoms, and the almost complete 
absence of the cedemas which are so common in similar affectituis. 

The disease comes on slowly and insidiously. At the outset 
ariamia is shown only by pallor of the mucous surfaces, loss of 
vigour whitn at work, and rapid fatigue. The tcm})eraturej is a little 
raised— morning, 38^^ C. [100*4® J evening, 38 5® to 39® C. 

1 101*4® to 102*2° F.] There is progressive wasting, accompanied by 
general weakness. From time to time there are extreme but very 
evanescent rises of temperature — in a few hours the temperature 
may rise from 38® to 42® C., or even 43® C. [109*4® F.j. 'Phe 
appetite is poor. Sometimes luematiiria is present as a passing 
symptom, lasting one or two days and ieaj)pearing at varying 
intervals. 

Although weak and thin, the animal may live for months. W^eak- 
riessof the hind limbs, with pronounced knuckling-over at the fetlock, 
leads eventually to paraplegia. Finally the animal falls down, the 
death agony lasting from three to five days, with ]>aralysis of the 
rectum and bladder. The total duration of tlie disease is from four 
to six months. 

But in certain cases there arc marked nervous vsymptoms. 
Rennes has seen a case of true ataxy and one of temporary paraplegia 
followed by inco-ordination, and later by an attack of vertigo, which 
carried off the animal. 

Rennes has succeeded in inoculating the grey mouse, the jerboa 
<>r jumping mouse, and the dog.* The grey mouse dies two or three 

* Szewzyck, AW/. Soc. centr. mdd, 8lh series, v. 10, April 30, 1903, 

p. 220. 

^ Kennes, September 30, 1903, p. 424; April 30, 1904, p. 248. 

\ Ed. and Et. Sergent, C, A*. Soc. v. 56, January 23, 1904, p. 120. 

LHennes subsequently infected several other animal species : see later.] 

14—2 
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days after intraperitoneal inoculation, fifteen to twenty days after 
subcutaneous inoculation. In the latter case the actual dura- 
tion of the disease (complete paralysis of the posterior part of the 
body, generalized contractures, and intense dyspncea) is very short, 
but the incubation period is prolonged. The parasites swarm in the 
blood when the earliest symptoms appear. At the autopsy there is 
considerable enlargement of the spleen. 

In the jerboa the disease takes the same course as in the mouse. 

The doi^ is more resistant; for example, a dog inoculated on 
April 12, 1903, was still alive on May iG. During that time it 
showed first some congestion at the point of inoculation, and later 
wasting, pallor of the mucous membranes, and eye lesions (conjunc- 
tivitis and rnilkiness of the cornea, and later on turbidity of the 
aqueous humour). Trypanosomes were seen in the blood from the 
sixth day after inoculation. 

In other dogs, whose after-history was followed for a longer time, 
Rennes noted, apart from cedema at the site of inoc?ulation, febrile 
paroxysms, aucemia, and wasting (which are constant symptoms of 
the trypanosomiases), general hypera‘Sthesia, particularly in the 
lumbar region, and, above all, very marked signs of drowsiness and 
hebetude. Rennes looks upon these latter symptoms as the most 
characteristic in the course of the disease. At the end of three 
months the animals were still alive. Rennes believes tliat some of 
these dogs are becoming cured. He draws particular attention to 
the absence of the characteristic lesions of dourinc, and to the 
analogy between the symptoms of this disease in the dog and 
sleeping sickness in man. 

[The further observations of Rennes^ upon the pathogenicity of 
the Znsfana trypanosome for various animals arc summarized by 
MesniD as Tollows : The experimental disease in t/ogs lasts from forty 
days to more than seven months. When the duration is very 
prolonged, the animals show the ordinary symptcmis of chronic 
trypanosomiasis — numerous and transitory oedemas, ocular lesions, 
loss of hair, and extreme cachexia. The infection runs a very 
similar course in the jackaL Cats die in fifteen to sixty days with 
the same signs and symptoms as the dog ; there is hypothermic 
lethargy before death.] 

[Ruminants are also susceptible. A hull died in fifteen days 
after intravenous injection. There w'as an initial rise of temperature, 
and the blood was infective on inoculation, but iso trypanosomes 
were seen in films. A goat died in six months. At the outset there 
was fever, and later wasting and slight corneal opacity. Trypano- 
somes w’ere seen in the blood only once— on the fifth day. A sheep 
had (edema of the throat and became wasted, but subsequently 

’ 1 Rennes, Jh^lL ct Mi'm. Soc\ cefttr, vied. 7^///*., February, 1905, pp* 95 ' 

lOi'u) 

- [Mesiiil, in BulL Ilisi. Pdst,^ v. 3, 1905, pp. 340, 341.] 
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recovered ; its blood was infective, although no trypanosomes were 
seen.] 

\ A young pig showed no symptoms for five months, but its blood 
was still infective at the end of that time.] 

[ A donkey (?) became infected after inoculation, but trypanosomes 
were seen in the blood on only three occasions. At first weakness 
and wasting were marked, but seven months later the animal 
appeared well, though its blood was still infective.] 

[Rabbits died in thirty to thirty -five days with characteristic 
symptoms of trypanosomiasis. Tr3'panosomes were always scanty in 
the blood. Guinea-pigs died in thirty to forty days. Parasites were 
more numerous in them than in rabbits. One guinea-pig proved 
refractory. Rais and mice died in eight to thirty^-live days after 
subcutaneous inoculation.] 

* The almost complete absence of oedemas, the complete absence 
of cutaneous phujucs, and of the loss of hair, the special nervous 
symptoms, and lastly the spread of the disease apart from coitus, 
clearlv’ differentiate,’ says Rennes, * mat de la Zusfana from donrine.’ 
The last diagnostic feature seems to us to be important, as well as the 
observation of Schneider that the trj^panosomes were ver^' numerous in 
the blood of naturally infected horses, which is not the case in donrine. 

Rennes draws attention to the resemblance of mal de la Zusfana 
to mal de caderas. The diseases undoubtedly resemble one another, 
but we cannot say at present that they are identical. It is to be 
regretted that no mention is made of the size and appearance of the 
centrosome in the trypano.some of the Zusfana disease, for the mere 
mention of these characteristics would have been sufficient to answer 
the question. 

It is not very likely that the trypanosome of Szewzyck and Rennes 
has the characters of the parasite of caderas. Schneider, who has 
studied it in stained preparations, and who records the differences 
between it and the trypanosome of donrine — differences rather difli- 
cult to appreciate, such as its larger dimensions and the larger 
number of protoplasmic granules— would assuredly not have omitted 
to draw attention to so marked a difference in the centrosomes if such 
had been present. 

[ Rennes, in his later publication quoted above, says that the 
trypanosome cannot be distinguished from that of surra or nagana. 
He adds that the susceptibility of ruminants to this trypanosome 
distinguishes it from that of dourine, but Mesnil and Rouget^ have 
recently shown that ruminants are susceptible to the virus of dourine, 
so this diagnostic point between dourine and the other Algerian 
trypanosomiases can no longer be relied upon.] 

[Roger and Greffulhe^ have described, under the name North African 
a similar, if not identical, disease in horses at Mecheria (Oran). 

' [Mesnil and Roiigct, Ann, Inst. Past.^ v. 20, September, 1906, pp. 689 697.] 

[Roger and C'xrctfulhc, C. R. Soc. BioL v. 58, March 4, 1905, p. 396 ; May 20, 
^905, pp. 826, 827.] 
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Probably inal de la Ziisfana is prevalent in m;iny other parts of Algeria, but 
its distribution, the mode of transmission, and the animal constituting the 
reservoir of the virus, all require further investigation. Tsetse-flies do not 
occur in Algeria, so that this is not true nagana or one of the nagana-like 
diseases propagated by Glossitui; but until more is known of the disease 
and its trypanosome, it is better not to use the name North African surra.] 

Trypanosomiasis of Dromedariks ok ElDebab.^- In October, 
1903, the Sergents detected the presence of trypanosomes in the 
blood of several dromedaries at Oued-Athmenia, department of 
Constantine. In a herd of twenty animals three were found infected, 
of which two were thought to be ill by the camel-drivers. One of 
them, an old female, had aborted each time she had become 
pregnant. She had been ill for two years, but, except for marked 
wasting, there was no obvious sign of disease — no ulceration of the 
vulva or anus, nothing in the belly, eyes, or lips. The mouth 
temperature was 38*9® C. [102^ b\]. As many as three parasites 
were seen in a field with the immersion lens. The third animal was 
a camel six months old, which showed no sign of disease. There 
were two or three parasites in each preparation of its blood. It 
seems, then, that the only symptom is progressive wasting, which 
ends in death. 

The morphology of this trypanosome resembles that of the 
parasites of nagana and surra, and, moreover, presents no charac- 
teristic differences. [The Sergents state, however, in a later ])aj)er ■ 
that the average si;'c of tlieir trypanosome is 19 /a long by 1 *5 /a broad, 
the average length of the nagana and surra parasites being 25 /x. j 
The centrosorne stains well, and division forms arc seen in the 
peripheral blood. The Sergents inoculated the trypanosome from 
the blood of the old camel into different laboratory animals. They 
also made series of passages through rats and mice, by which the 
virus became altered in virulence. 

From the outset white rah were consistently susceptible to the 
trypanosome. The disease lasted on an average sixteen days after 
subcutaneous inoculation, and nine and a half days after intra- 
peritoneal inoculation. The incubation period was respectively 
three days and one day. Three or four days after their appearance 
in the blood of the rats the parasites diminished in number or 
disappeared completely for some days, then reappeared and were 
constantly present. When death occurred, the trypanosomes had 
either become very numerous or they diminished in number during 
the last few days of the animal’s life. 

* That is the name which the Sergents suggest. In piiblicali«>ns of the pcriinl 
1850-1860, particularly in Vallon*s paper upon the dromedary, this disease of 
dronurdaries, which at that time formed the subject of several works, was thus 
designated. El dchab means the fly, or horse-fly. According to inforinalion 
obtained from the Arabs by the .Sergents, tlie disease is contracted in the 'fclli 
\yherc the horse-flies occur, during the short period of summer (forty days only^- 
Sec in this iu>nnection Raillict, ZooL medic, ct at^ricolc^ p. 793. 

“ l.Kd. and Et. Sergent, Ann. Inst, Past., v. 19, 1905, pp. 17-48], 
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At the autopsy the only lesion noted was an enormous hypertrophy 
of the spleen, which in some cases weighed ten times as much as the 
normal. 

Scicer rats reacted as a rule in the same way as wliite rats, but 
some of them lived for a longer time. Thus, the Sergents had a 
sewer rat which lived for live and a half months after inoculation. 
It showfid trypanosomes in its blood at lirst nearly every day, then 
at fairly long intervals, and continued to do so until it died. 

While juice seem to be a little less susceptible than white rats. 
Some of them died in twelve days with the parasites swarming in 
the blood, but in others the disease was more prolonged, and on 
some days the parasites were absent from the peripluaal blood. The 
average duration of the incubation period was four days after subcu- 
taneous inoculation, and two days after intraperitoncal inoculation. 
At the autopsy there was very considerable enlargement of the spleen. 

Gny juice reacted very irregularly, some of them not becoming 
infected after inoculation w’ith virulent blood. Others developed 
a mild infection, which was only temporary, and these animals 
appear to have recovered. 

By repeated passages through rats and mice, the virulence, which 
at first varied somewhat for different animals of the same species 
(particularly mice), became more constant and at the same time 
more exalted. Inoculations w'ith such an exalted virus produce a 
form of the disease which progresses, with cojislujit increase in the 
number of parasites in the blood. 

[In later experiments it was found that this debah virus, which 
at first killed mice in about twelve days, became less virulent for mice 
after being passed through rats for two years. Thus, live white mice, 
after injection with rat’s blood, developed only a slight infection, 
from wliich they recovered ciu'cd, but not perjjiancntly imjjiunized. 
That they were cured is shown by the fact that the blood and 
extracts of the organs of two of them — killed one year after inocula- 
tion — did not infect rats. Two others of these curcxl mice w'cre not 
immune, but were much more resistant than control mice. The 
latter died in seven to eighteen days, the two former in fifty-four and 
sixty-one days.] 

Rabbits reacted to inoculation wdth this trypanosome, as they do 
with the other pathogenic mammalian trypanosomes. The disease 
followed an irregular course ; the trypanosomes increased from time 
to time in the blood, the increase coinciding sometimes, but not 
always, w'itli a rise of temperature. There w'ere also cedema of the 
genital organs and anus, loss of hair about the tail and the base 
of the ears, and purulent conjunctivitis. In three rabbits the 
average duration of the disease was nineteen days, but other rabbits 
survived fifty days.^ After subcutaneous, intraperitoneal, and intra- 

^ [One hundred and fifty days is the maximum given in a later publication of the 
-Sergents.] 
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venous inoculation, the incubation period was eight and a half days, 
six days, and two days respectively. 

Ill guinea-pigs tliG shortest duration of the disease was twelve days, 
but some lived for more than four months, two guinea-pigs, still alive, 
having been infected for four and a half and seven and a half months. 
[One guinea-pig ( ? ) lived eleven months after inoculation.* She gave 
birth to two uninfected young ones, wliich were found to be normally 
susceptible to the virus.] The incubation period was, on several 
occasions, only three days after subcutaneous inoculation, but was 
sometimes much longer. After intraperitoneal inoculation it was 
about four and a half days. The parasites were, as a rule, numerous 
in the blood of the guinea-pig, and the animal sometimes lived in that 
condition for several weeks. The external lesions so characteristic in 
the rabbit were not seen in the guinea-pig. 

In the dog the course of the disease was rather irregular, the 
appearance of the parasites in the peripheral circulation coinciding 
with the rises in temperature. In a dog which died thirty days after 
inoculation the parasites swarmed in the blood towards the end 
of the animal’s life, and this was accompanied by a marked fall 
of temperature. The other dogs, which died in thirty-live and 
thirty-seven days, did not have a subnormal temperature. 

A Macacits died two months and eight days after subcutaneous 
inoculation. The parasites were fairly numerous from the fourth to 
the seventh day, when the monkey had a subnormal temperature. 
The trypanosomes then disappeared from the blood, and became fairly 
numerous again from the fifteenth to the seventeenth day ; but from 
that time they were very scanty or even absent on microscopical 
examination, particularly during the last month. As a rule, the 
monkey’s temperature was subnormal, and the presence of trypano 
somes definitely concided with the rises of temperature above 37*^ C. 
[98*6° F.]. The monkey died with a subnormal temperature, after 
having slept for two or three days.- On the last day the temperature 
was below 25^^ C. [77® F.], yet trypanosomes w^erc present. 

A goat weighing 34 kilogrammes became infected after subcu- 
taneous inoculation with the blood of a rat. At the end of five dav s 
trypanosomes were seen on microscopical examination, and subse- 
quently they were only seen again, and then only in very small 
numbers, from the tenth to the fourteenth day. After that time 
microscopical examination was always negative ; but rats inoculated 
with 5 c.c. of the goat’s blood one month and two months after the 
inoculation of the goat very rapidly became infected. The goat, 
which appeared on the road to recovery, died very suddenly three 
months after inoculation. During the progress of the disease its 
weight had fallen to 21 kilogrammes, but at death it had risen again 
to 27^ kilogrammes. 

^ [ riiis is the maximum duration given in a later publication of the Ser}»ents.J 

® [jTi ihe Sergents* paper, Ann. InsL Pasf.^v, 19, 1905, it is stated that the 
monkey slept for a fortnight before death.] 
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Lastly, the Sergents inoculated a horse, which died in three and 
a half months. It had intermittent fever, with rises of temperature 
to about 40® C. from the eighth to the eleventh da}’ and from the 
sixteenth to the eighteenth day, and to between 40® and 41’" C. 

1 104® to io 5‘8° F.] from the twenty-third to the twenty-sixth day, 
from the thirty-fourth to the thirty-eighth, forty- fifth to forty-eighth 
day, and on the sixty-sixth, seventy-seventh, and ninety- fifth days. 
In the intervals the temperature was generally normal. These 
rises of temperature coincided with increases in the number of 
parasites in the blood, which were, as a rule, only visible in films 
during these febrile attacks. During several of the paroxysms they 
were numerous in the blood ; they were scanty or absent during the 
few days before death. The. course of the disease closely resembled 
that of surra. 

At the end of a week the horse had a patcli of cederna the si/e 
of a hand in the abdominal wall, and also cedema of the sheath. 
This (.edema spread in the form of a longitudinal band, (occupying 
the whole ventral region. During the course of the second month 
the horse passed dark brown or reddish urine, but neither red 
corpuscles nor hjemoglobin could be detected in it. The horse died 
in a wasted condition. 

[Several bats {Myolis murimis) were inoculated by the Sergents 
intraperitoneall}', but they died in six days without becoming in- 
fected. Nicolle succeeded, however, in infecting bats {Vespertilio 
iuhli) with this trypanosome. The infection was a mild one, and 
the bats recovered from it (see p. no).] 

This trypanosomiasis of dromedaries docs not appear to be 
doLirinc. The pathogenicity of its trypancisome for the goat and 
monkey,^ and the fact that the young camel which had never had 
connection became infected, make this diagnosis improbable. More- 
over, the characteristics of the disease experimentally produced in the 
horse differ markedly from the normal course of dourinc. In the 
former disease (i) the febrile paroxysms are not restricted to the 
onset of the disease; and (2) trypanosomes are often present, and 
even numerous, on microscopical examination, which is never the 
case in dourine. 

The trypanosome of the Sergents is evidently different from'that 
of caderas, since its centrosome is easily visible. 

What is the relation of this trypanosomiasis of dromedaries to 
nagana and surra? This is a question requiring further study for 
Its elucidation. It is particularly important to compare this disease 
with the trypanosomiasis of dromedaries in Timbuctoo. The disease 
attacks the same animals, and the natives call it by the same Arabic 
name {el debab) in the two districts. The disease is spread most 

, ^ [This argument no longer holds good, since Mcsnil and Rouget have shown 
that monkeys and goats arc susceptible to the virus of dourine ; nevertheless, the 
observations of the Sergents recorded later prove almost conclusively that dedab 
and dourine arc different diseases.] 
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probably by means of these dcbab, which are similar, if not identical, 
flies (horse-flies). 

These are the only two African diseases in which insects other 
than the tsetse are incriminated.^ Finally, if intercourse by means of 
caravans between Timbuctoo and Twat is not frequent, it none the 
less exists, and it is quite likely that tlie Algerian and Sudanese 
diseases in question may have a common origin. 

[The recent observations of the Sergents- have materially increased 
our knowledge of these Algerian trypanosomiases. I n addition to dourine, 
there are two diseases — (i) the well-defined disease of dromedaries, called 
debab ; and (2) the isolated cases or limited epizootics amongst horses 
called by Rennes wal de la Znsfana, The natives in various parts of 
Algeria have long recognised these diseases of camels and hors(is, which 
they say are occasioned by the bites of horse- ilies. The horses in 
Constantine are said to become infected in thc^ spring — when these flies 
are very prevalent — and never to survive the succeeding winter. The 
symptoms usually appear with the cold season. I'here is marked dragging 
of the legs, but wasting and loss of appetite and strength are absent, lu 
the Oran animals, which become infected in the Tell district (see footnote, 
p. 214), the symptoms are more marked. Tliey include loss of app(;tite, 
fatigue, wasting, hanging of the head, staring of the coat with partial 
loss of hair, and u/dernas ; there is no marked weakness of the hind- 
quarters or limbs. The disease is always fatal in horses, and lasts a 
shorter time than dehab does in dromedaries.] 

[The examination of the blood of animals from various parts of Algeria 
shows that the disease in dromedaries is very widely distributed. Of 
352 dromedaries examined during 1904 and 1905, 33 (9*4 per cent.) were 
found to be infected, whereas of 594 Eejuidre examined during the same 
period only i (0*17 per cent.) was found infected.] 

[Big game cannot be the reservoir of the \ inis in Algeria ; therefore it 
is probably the dromedaries which serve as the source of infection for 
camels and horses. The occurrence of these small epizootics among the 
liorses of the Spahees is explained by the occupation of oases by cavalry, 
and by the habits of the Tabanidx*, which prick several horses — sufficiently 
to inoculate them with the virus — before finally settling on one to feed.] 

[The Sergents think that the two diseases, as observed in dromedaries 
and in horses, are proliably identical. Tahcr and hncrdjin are two local 
names for the horse disease, hut these should be merged into dehab if 
certain cross-inoculation experiments still in progress show that the 
diseases are identical] 

[Tm: Exi’ekimkntal Study of thk Viruses. -Tlie tahcr virus killed 
white rats in six to forty days, and a rabbit in five months. Guinea-pigs were 
easily infected, but showed no lesions. In a sheep no trypanosomes wore 
found, but {he blood was still infectious for rats on the thirty-third day.] 

[Oran debab killed rvhite rats in sixteen to seventy-five days, and white 
mice in seven to thirty days. Guinea-pigs and sheep reacted as with the 
taker virus.] 

[Constantine dehab, which was the virus used by the Sergents in the 
experiments already recorded (see pp. 2 14-2 17), was passed through rats 
for a year, then inoculated into a goat, in which it was found ten months 
later, and afterwards again passed through rats. Two sheep were still 
infected a year after inoculation, and two goats ten months after 
inoculation.] 

* [W (; liave seen, however, in various parts of this chapter, that several other 
trypanosomiases, resembling iiagana, have been described in districts where the 
tsetse- tly has not been found.] 

fhd and Et. Sergent, Ann, Inst. Piist., v. 20, August, 1906.] 
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[Infkctjon Experiments. — Tabanida,* seem to be the carriers of the 
infection. Two species — Atylotus (Tahunus) ncmoralis (Meif^en) and At, 
(Tab,) tomentosus (Macqiiart) — are specially incriminated. The^ .Sergents 
were able to convey the disease to healthy animals by a prick, 

mtJiout suction of bloody of a sin^^le jly. I'hese positive results wen^ obtained 
when there was no interval between the pricking of tlic diseased animal 
and that of the healthy animal, and in one case after an interval of twenty- 
two hours. Motile trypanosomes were never found in the stomach of 
Tabanida^ one hour after a feed. StomoxysimA Uivmcitohia are never found 
on camels, and are conscciuently of no importance in tlie propagation of 
the disease.] 

[Similar experiments with the same species of Tabanidic gave positive 
results with the trypanosomes of nagana (live out of nine positive), nial 
de la Zusfana (one out of six), and doiirine (two out of two). These 
positive results were all obtained when the pricking of the infec'tcicl and 
of the healthy animal took place lAlhoiil an interval. All the other ex- 
periments were negative.] 

[Experiments with young ticks, hatched from eggs laid by a motlier 
living on heavily infected animals, were negative. liKKulation experi- 
ments by way of intact mucous membranes (conjunctival and genital — 
male and female) gave positive results with dourine in four cases out of 
eight. Similar experiments with dchab (six in number) were all negative.] 


Section 10 .— -Trypanosomiases of the French Sudan.^ 

Tkyi’anosomiasis of Dromkdariks or MnoKi. — Early in the 
year 1903 the military veterinary oflicer (ka/albou was commissioned 
to iiivestigato? the disease of the dromedary known as mbon, or the 
Jly disease, which causes the death of most of the camels coming 
from the Sahara to the Sudan. 

Cazalbon, at Timbiictoo, examined seventeen dromedaries which 
were said to be infected. The animals were wasted, and sixteen of 
them showed trypanosomes in the blood. 

The sick animals have rises of temperature to about 
[105° F.], and it is when the temperature is high that the tryjiano- 
soincs arc most numerous in the blood. Fever and wasting arc the 
only constant symptoms of the disease. 1 here is no (edema, 
swelling of the limbs, or paralysis, Fn?quently there is a copious 
watery discharge from the eyes, and sometimes diarrlicea is present. 

The disease usually ends fatally after an average duration of 
five to six months. Animals which recover are immune. 

Cazalbou took to Segou two dogs and two sheep w'hich had been 
inoculated at Timbuctoo wdth the blood of camels suffering from 
nibori. He was thus able to .study the course of the disease in 
different species of animals. A dog which was brought to Paris 
enabled one of us to corroborate and to complete Cazalbou s 
experiments. 

\ [A. Laveran, ‘Reports to the Acad< 5 mic cle M( 5 decinc,* Juno 3 ®? 

April 26, 1904. [L. Cazalbou, AVt*. de mM. v. Si, October 15, I 9 e 4 i P- ^*5 » 

C. R. Soc, Rio/., V. 58, April i, 1905, pp. 564, 565 ; Revjfe gtht. nud. 7 U'/.,v. 8, 1906, 
pp. 240-248. Pecaud, C. R. Soc. Biol., v. 60, 1906, pp. 58, 59.] 
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The results of the researches upon this trypanosome may be 
summarized as follows : 

Rats ami Mice , — In the grey rats of the Sudan which were 
inoculated by Cazalbou, subcutaneously or intrapcritoneally, with 
blood rich in trypanosomes the parasites appeared in the blood on 
the second or third day, and gradually increased in number until 
death, which occurred on the eighth or ninth day. In white rats in 
Paris the parasites appeart^d in the blood on the third or fourth day, 
and became increasingly numerous until death, which occurred from 
the thirteenth to the sixteenth day. The spleen was greatly en- 
larged, weighing 2I to grammes in rats of 165 to 190 grammes. 

In the gjry mice (? species) of the Sudan the trypanosomes 
appeared from the third to the sixth day after inoculation. At first 
they were numerous in the blood on several occasions, but later on 
they were present onh' in small numbers and at longer or shorter 
intervals. Of four mice inoculated at Segou, two died 1*5 and 14 r 
days after inoculation ; the other two were still alive ijiS and 148 
days after inoculation. 

Two u'ild grey mice in Paris died in eight and nine days. Three 
white mice (Paris) died in seven, fourteen, and twenty-four days. 
Trypanosomes appeared in the blood two to three days after inocula- 
tion, and steadilj' increased in number until death occurred. 

In the ^ giant ruP of the Sudan the parasites appeared on the 
seventh day, and increased in number until the eleventh to 
the thirteenth day, when death occurred. Adult rats were more 
resistant than young rats. 

Guinea-pigs and Rabbits,— Ol four guinea-pigs inoculated in 
Paris only one showed many parasites in its blood ; in the other 
three the para.sites were always scanty% Three of these animals 
died in twenty-seven, twenty-eight, and forty days ; the fourth was 
still alive two months after inoculation, [but died on the 126th 
day with numerous trypanosomes in its blood]. ^ Post-mortem 
the spleen was only slightly, if at all, enlarged ; [but in the animal 
which survived 126 days the spleen weighed 3 grammes, the total 
body-weight being 500 grammc.s].^ Two rabbits inoculated — the one 
intraperitoneally, the other subcutaneously — became infected. One 
month later the trypanosomes were very scanty in the blood, and 
one of the rabbits was very thin and was suffering from double 
blcpharo - conjunctivitis. Of these two rabbits, one died on the 
fifty-first day of the disease ; the other was still alive two months 
after inoculation, but the trypanosomes were extremely scanty in its 
blood. [I'liis rabbit died ninety-six days after inoculation ; its 
weight was 1,360 grammes, that of the spleen being i gramme].^ 

Dogs , — Four Sudanese dogs died thirty, forty-eight, fifty-six, and 
seventy-five days after inoculation. The dog in which the virus was 
brought from the Sudan to France died in sixty-five days. Of two 

^ [Information kindly furnished by the authors.] 
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dogs inoculated in Paris, one died in twelve and the other in 
seventeen days after inoculation, with many parasites in their 
blood. The chief symptoms of the disease in the Sudanese 
dogs were febrile paroxysms, coinciding with increases in the 
number of the parasites, wasting, and swelling of the inter- 
maxillary space and throat (in three out of four cases). Post- 
mortem there was serous infiltration of the connective tissue of 
the intermaxillary space and throat with enlargement of the cervical 
lymphatic glands. The spleen was much enlarged in two out of 
four cases. In the Sudanese dog which was brought to France the 
spleen weighed 160 grammes (weight of dog 8,300 grammes) ; in the 
dog weighing 9^ kilogrammes, which died in twelve days, the spleen 
weighed 60 grammes. 

Cats, — A kitten four months old inoculated by Cazalbou on 
July 24, 1903, showed the trypanosome in its blood on the seventh 
day and afterwards only at intervals. On January i, 1904, i6i days 
after inoculation, the cat was still .alive. 

[Panisset,^ at Alfort, inoculated a cat with the trypanosome 
of mbori ; the cat died in four months. Mbori took considerably 
longer to kill cats than did the Mauritian surra]. 

Sheep and Goats. — Two rams inoculated at Tirnl)uctoo with 
the blood of a dromedary died in twenty and twenty-one days, but 
it is not certain that they succumbed to the trypanosomiasis. A 
ram inoculated on May 20, 1903, had a scries of febrile paroxysms, 
the temperature going up to 40-3'^ to 40*9^ C. [104*6^ to 105-6® F.). 
Seventy days after inoculation this animars blood w.as still infectious 
iot rats, but 100 days after it was no longer so, and the ram must be 
regarded as having recovered from the disease. 

A nanny i^oat injected on August 6, 1903, was still infected on 
November 10 (ninety-seventh day). The chief symptoms were rises 
of temperature and enlargement of the pharyngeal lymphatic glands. 
Trypanosomes were never found on microscopical examination of the 
l)lood, and it was always necessary to inject rats in order to show 
the presence of the infection. The after-history of the disease in this 
goat is unknown. 

A sheep and a billy goat inoculated in Paris became infected. The 
tr34)anosomes were very scanty in the blood of these animals, which 
never had any rise of temperature. 

[The sheep died six and a half months after in(.^culation'. The 
goat was cured eleven months after inoculation, and had then 
acquired immunity against rnbori, for on reinoculation VN'ith the 
virus of mbori the animal did not become reinfected.- Two months 
after being unsuccessfully reinoculated with mbori, the goat was 
subcutaneously inoculated by Laveran with the Mauritian surra 
trypanosome (see Chapter VUI.). There was a marked febrile 
reaction — for a fortnight the temperature was about 40® C. [104® F.], 

^ [Panisset, C /?. Soc\ v. 58, 1905, p. 16.] 

[Laveran, C. R. Acad. Sciences, v. 14 1 , December 26, 19(^5, p. 1204.] 



222 TRYPANOSOMES AND THE TRYPANOSOMIASES 

and on three occasions reached 40*8^^ C. [i05’5° F.]. The blood, 
however, never sh(3\ved trypanosomes, noy did any cf the test animals 
inoculated ever become infected. Thus, the goat which had acquired 
immunity against mbori was also immune against Mauritian surra. 
This result confirms those of Vallce and Panisset,^ who had pre- 
viously showm that bovines which were immunized against surra were 
likewise immune against mbori.] 

Roebucks (Sudanese), — An iiuxailated roebuck showed very many 
trypanosomes in its blood on several occasions. On the 183rd day 
after inoculation it was still in excellent condition. Another roe- 
buck inoculated simultaneously with the preceding died rapidly with 
nervous symptoms — inco-ordination of movements and convulsions. 
Trypanosomes were numerous in its blood. 

Horses, — Three horses w’cre inoculated by Cazalbou — two in 
the jugular vein and the third subcutaneously. All three became 
infected, trypanosomes appc'-aring in the blood about the fifth day. 
They multiplied in the blood irregularly, the exacerbations usually 
coinciding with the febrile paroxysms. 

Apart from fever, the chief symptoms observed were wasting, 
cedcmri of the scrotum and sheath, swelling of the fetlocks, profuse 
sweating, epiphora, and conjunctival ha-morrhages. At a later stage 
of the illness there was an abundant papular eruption, especially on 
the head, neck and shoulders, back, and hind-ejuarters. I'hi; lesions 
were covered with scabs, which, on falling off, left small r(.)und, 
su])crficial sores. One of these horses died 136 days after inocula- 
tion ; the other two were lost sight of on the 1.14th and 184th days of 
the disease. 

lA horse inoculated with mbori at Alfort was alive six months 
later, and its blood was still infectious for test animals. The average 
duration of surra in the horse is one to two months, 5(.) that the 
trypanosome of mbori is distinctly less virulent than that of Indian 
and Mauritian surra.) 

Pathoc'.k NIC Acknt. — The trypanosome of mbori measures 20 fi 
to 25 /A long, by 1*5 fi to 2 /xwide at its middle. Usually it is slender, 
and resembles T, evansi more than T, hriicei. The centrosome is 
about as large as in these two trypanosomes, and there is no 
characterfetic feature by which this trypanosome can be differentiated 
from them. 

Human serum and trypanred have a marked effect upon the 
trypanosome of mbori, causing it to disappear, cither temporarily or 
even permanently, from the blood of inoculated mice and rats. 

I Laveran has found that mice infected with mbori are rapidly 
cured by one injection of trypanred. Rats were also sometimes 
cured by one or two injections of this dye, and in all cases com- 
bined treatment with trypanred and arsenious acid gave excellent 
results in these animals. Mice and rats infected with surra were 

^ [Vallce and Panisset, /i\ Acad, Science^ v, 139, November 21, 1904, p. 901.] 
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more difficult to cure in this way. In mice the injections of 
trypanrcd had to be repeated or the combined treatment used ; 
with rats the latter method had always to be employed, or there were 
many failures.] 

Modk oi* Propagation.— There seems to be no tsetse in the 
neighbourhood of Timbuctoo, but the natives agree in saying that 
mbori is propagated by means of a ily called debab, which is a Tubanm. 

To sum up, mbori is not sharply differentiated from nagana (in 
Paris dogs died in twelve days), surra, or the trypanosomiasis of 
dromedaries in Algeria. 

Many of the symptoms of mbori occur also in nagana or in 
surra: irregular rises of temperature, cedema of the scrotum and 
sheath in horses, eccliymoses in the mucous membranes, es]iecially 
the conjunctiva (which is frequently seen in surra, as in mbori), and 
hypertrophy of the spleen. 

Other symptoms scorn special to mbori : swelling of the inter- 
maxillary space and throat in dogs, enlarged cervical glands in 
several sjiccics of animals, and in the horse a. papular eruption 
similar to that seen in caderas. 

I Cazalboii’s original belief that mbori is a distinct morbid entity 
has been disj^roved by the experiments of Laveran and of Vallce and 
Panisset. P'rom these experiments it may be concluded that the 
trypanosomes of surra and mbori are the same species. Tlic 
trypanosome of mbori is merely a variety of 1 \ evansi, a little less 
virulent than the trypanosome which produced the serious epi;iootic 
in Mauritius. Laveran remarks : ‘ This is the first time that Indian 
surra has been recognised on the coniinait of Africa, a grave epiijootic 
having previously been observed (1902-1904) in the island of 
Mauritius. It is possible that other African epizootics recently 
described as due to tryjjanosomes other than T, bnicei may likewise 
be varieties of surra.’] ^ 


Tkvpanosomiasis 01- Cattle ok Soumaya. — Cazalbou describes 
under the name soiunciya or soiima, borrowed from the dialect of the 
llambaras, a trypanosomiasis which periodically attacks cattle in 
tlic PTeuch Sudan and kills a large number of them. In 1903 this 
epizootic appears to have started in the humped cattle (zebus) of 
Macina, which arrived at Segou suffering from the disease. The 
Macina district, which is a cattle-rearing centre situated higher 
Rp the river and to the south-west of Timbuctoo, is periodically 
inundated by the Niger. It is in November, when the herds of 
cattle are brought into the areas which are becoming dry, that the 
epizootic usually breaks out. PTom this centre it spreads to the 
neighbouring districts, to Guinea, and as far as the Ivory Coast and 

Laveran’s remarks upon Vallde and Panisset’s communication in 
e. A. Alik/, Sde/ices, v. 139, p. 901.] 
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Dahomey, the spread being favoured by the considerable export of 
cattle from Macina which takes place. 

From January to July, 1903, of 4,694 head of cattle taken to 
Segou 676 died, the mortality being at its maximum in June (155 
per 1,000). If, as is probable, infection occurred in November, the 
average duration of the disease in the animals which succumbed was 
seven to eight months. 

The tw'o races of cattle in the Sudan — those with humps (zebus), 
and those without humps — as well as their cross-breeds, are attacked 
by soumaya. 

[PccaiKF has also observed this epizootic in the neighbourhood 
of Bamako, the new capital of Haut-Senegal and Niger, and of 
Kati. It affects oxen, Algerian mules, native horses, and asses. 
The mortality amongst oxen is about 20 per cent. In horses there 
is fever and cedema of the legs, rarely cedema of the abdominal 
walls. Death occurs in about fifty days in horses, but in the rnuUi 
the disease is more chronic, and recovery is more frequent than in 
the horse.] 

[The disease begins in July — the middle of the rainy season — and 
lasts until January. Pccaud remarks that this seems to be a special 
trypanosomiasis propagated by the oxen of Macina.] 

[Cazalbou^ saw the disease in horses in the region of the River 
Bani. These horses developed the trypanosomiasis after being 
taken to the river banks, where they were bitten by tsetse and many 
Tabanida;.] 

In cattle the onset of the disease is insidious, but about the third 
month there is a certain degree of wasting, whicli gradually becomes 
more pronounced. The skin becomes harsh and the coat stares ; 
there is a watery discharge from the eyes, and occasionally sliglit 
diarrhcea is present. In the zebu, which always has a well-developixl 
dewlap, there is often oedema in that region, sometimes extending to 
the lower part of the thorax. In the cattle without humps (edema 
is rare. In the later stages of the disease emaciation is extnune, 
and at the same time the gait becomes slow and heavy ; the hair is 
thin, and is easily pulled out ; there is marked anaemia, digestion is 
impaired, and diarrhcea is often presemt. 

During the course of the disease there are irregular rises of 
temperature, the fluctuations being often very considerable [from 
96° to io6’8® r'.] ; death occurs with hyperpyrexia. 

The duration of the disease is from four to twelve months, the 
average being seven to eight months. 

Besides the emaciation, there is no constant lesion found post- 
mortem, the spleen being very rarely enlarged. 

The trypanosomes are always scanty in the blood; they very 
closely resemble the parasite of mbori.** 

1 n^< 5 caucl, C. R. Soc. Uiol.^ v, 60, 1906, pp. 58, 59.] 

2 [Ca/albou, Rec, ik mid. v. 81, October 15, 1904.] 

‘ [l:)etails oif morphology arc given later.] 
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Ca^albou thinks that sournaya is propagated a large Tabamis, 
which is very common in French Sudan in wet districts, along the 
borders of ponds and the banks of the rivers. [Pccaud is also of 
opinion that the disease is i)ropagatcd by horsc-llics {Tabanus), and 
not by tsetses. Bouffard^ has recently succeeded in transmitting 
the disease experimentally from an infected to a healthy calf by the 
bites of Stojuoxys, He states that large numbers of flics were caught 
qround the different stations in this district, where the mortality 
amongst horses and oxen was very great. These flics were mainly 
Siomoxys and Hippobosca ; not a single Tabamis or tsetse-fly was 
among them. ] 

Cazalbou made experiments on different animals in order to study 
the pathogenic effects of the trypanosome of sournaya. I'lirce 
rah died in 27, .50, and 58 days. Mice died in 4 to 7 months after 
inoculation. The ctiL and the Sudanese do^- appear to be refractory. 

jLaveran,*^ who has studied this disease ivnd its pathogenic try- 
panosome in a sheej) inoculated by Ca2all)OU at Segou with the 
blood of a naturally infected horse, and taken to Paris in April, 1906, 
has come to the conclusion that the trypanosome of soiiina (or 
sournaya) is a new species, which he calls T. ca::alboui.'] 

[Morplwlo,i(y. — The length of this trypanosome, including free 
llagelhim, is about 21 /a ; its width 1*5 //.. The nucleus is oval, and is 
situated about the middle of the body. The centrosome is distinct, 
round in shape, and close to the posterior end of the body, which is 
rounded off. There are line chromatic granules in the endoplasm, 
riio undulating membrane is poorly developed, and shows few folds, 
like T, lewisi. It is bordered by the flagellum, which becomes free 
at the anterior end. Division of the trypanosome is by binary 
lission, and usually starts in the centrosome;. ] 

[In its pathogenic effects upon different sj)ecies of animals, 
l\ cazalboiii differs markedly from allied species of trypanosomes. 
The natural infection occurs in EcpiidcC and Bovidje. Small 
ruminants (sheep, goats, antelopes) are very susceptible, but rodents 
(rats, mice, guinea-pigs), monkeys, and dogs are, as a rule, refractory. 
Pecaud also found the dog refractory. J 

[In the ^oal and sheep the incubation period is about ten da3\s. 
'J'he principal symptoms are fever (the temperature rose to 4i'3” C. 
1 io 6*4‘^ P\ J in one case), wasting, and general weakness. In the two 
goats inoculated by Laveran kerato-conjunctiviiis occurred at an 
earl}^ stage of the infection. Trypanosomes were often found in 
blood-lilms, which is not the case in other trypanosome infections in 
these animals.J 

^ [G. lioufllircl, C /v. Soi\ lUol., v. 62, i<)o7, p. 7u] 

* [Cazalbou originally said that dogs were susceptible and died in three to 
live months (see Laveran and Mesnil, Orig., p. 198), but in a letter to La\eran, 
dated January 5, 1906, Cazalbou states that dogs inoculated with souma did not 
become infecred. In his earlier experiments he was evidently dealing with another 

trypanosome.] 

* [Laveran, C. A*. AauL Sciences, v. 143, July, 1906, p. 94.] 
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[Cross-inoculation experiments show that souma is distinct friSin 
surra and mbori.] 

[The Macina appears to be the principal focus of souma in the 
French Sudan, but Pdcaud has also observed it at Bamako and 
Kati, in the district of Moyen-Niger The same disease has been 
described by G. Martin in French Guinea (see next section), and 
possibly the trypanosomiasis of cattle in Erythrea (Memmo) and 
that of cattle in Uganda (see p. 205), are due to this trypanosome.] 

[In addition to mbori and souma, there appears to be a third 
trypanosomiasis in the Haut-Niger district (French Sudan), for in 
one of the inoculated sheep brought to Paris by Ca/albou, Laveran 
found a trypanosome closely resembling that of the Gambian horse 
disease, T. dimorphon}'] 

[In a recent paper - Laveran states that it is probably a new species 
of trypanosome, for w'hich he proposes the name l\pccandi, A sheep 
which recovered from the infection and proved refractory on reinocu- 
lation subsequently developed a typical infection with T. dimorphnn, 
P'rom this Laveran concludes that 1 \ pccandi and 7\ dimorphon are 
distinct species.] 

[As in the case of 7'. dimorphon, two forms of the parasite occur in the 
blood of infected animals : (i) Long, slender parasites, 25 /i- to 35 /x long, 
by about 1*5 /x wide. Posterior end more or less pointed ; undulating 
membrane very narrow ; free flagellum fairly long ; nucleus elongated. 
(2) Short, broad forms, 14 /a to 20 /a long, by 3 /a or even 4 /a wide. 
Posterior end very blunt ; undulating membrane very wide and with few 
folds ; no free flagellum ; nucleus rounded. All the inoculated animals 
showed both forms, and intermediate stages were rarely seen. ] 

[Human trypanosomiasis is rare in the Haut-Niger district, but 
is endemic in several other parts of the French Sudan.] 

Section 11.— The Trypanosomiases of French Guinea. 

[In 1904 Laveran'** found trypanosomes in blood-films taken 
from two sick horses at Conakry, in PVench Guinea, b}^ Dr. Tautain. 
One horse belonged to the station of Telemele, in I^outa-Djalon, the 
other to that of Toumanda, on the boundary between Fouta-Djalon 
and the Sudan. The latter horse was taken from Tournanea to 
Sanguiana (in Balaya), where it remained a month, and where it 
was bitten by flies called sigtii UguL On its return to Tournanea it 
began to waste. The wasting increased ; there w^as extensive oedema 
of the abdominal w'alls, and later of the hind-limbs ; fever was almost 
continuous at this time, but for a fortnight before death, which 
occurred about three months after the horse was brought back to 

^ [In his article in the Rec, de med, vitdr, Cazalbou states that true nagana 
occurs along the banks of the River Bani, and another trypanosomiasis- -baleri — in 
the Haute- Volta district.] 

- [ Laveran ,"C. R, Acad. Sciences, v. 144, 1907, p. 243.] 

® [Laveran, C. R. Soc. Biol., February 27, 1904 ; C\ R* Acad. Sciences, v. I 39 » 
J904, p. 658, and V. 140, 1905, p. 75.] 
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Touman^a, the temperature was generally subnormal. Towards the 
end of the illness weakness and wasting were extreme ; there were 
no eye lesions.] 

[Post-mortem the spleen and liver were enlarged and friable; 
small ecchymoses were present under the serous membranes, and 
there was gelatinous substance about the heart.] 

[The trypanosomes found in the blood of these two horses 
were short (about 14 /a in length), and morphologically resembled 

dimorplwn,] 

[This observation of Laveran proves that in I'rcnch Guinea an 
equine trypanosomiasis exists, as well as the human disease which is 
endemic in the greater part of Upper Guinea. But it is to the very 
thorough investigations of G. Martin^ that we arc indebted for our 
present knowledge of the various trj^panosoiniases of French Guinea. 
Martin found numerous trypanosomiases existing in I.ower Guinea, 
in the mountainous districts of Fouta-Djalon and of I-abe, and along 
the banks of the Niger and of the Rio-Nune;^. [ThuvSe diseases 
arc present throughout Upper and Lower Guinea in endemic form, 
and epidemics frequently arise in which the mortality is from 30 to 
40 per cent.] 

[These diseases were acute or chronic, and natural infections 
were met with in the horse, ass, mule, ox, sheep, goat, dog, and pig. 
There appear to be at least two animal trypanosomiases in French 
Guinea : ^ the one, the more important, caused by T, diniorphon, 
which was found, not only in the blood of Equid?c and of Bovidre, 
but very probably also in that of sheep, dogs, and pigs ; the other 
particularly prevalent in the region of the Niger, and affecting Fejuidje 
and Bovidje imported from Beledougou and Macina, which is due to 
T. catuilboui^ (Martin). The trypanosome of the goat disease also 
resembled that of souma ( 7 '. cazalhoui)J] 

[The more important of these trypanosomes, the T. dimoi'phon^ examined 
fresh, showed parasites of various sizes, some very active, but the 
niajority only slightly motile, and not travelling out of the held of the 
microscope. The undulating membrane is feebly developed. The trypano- 
somes, when numerous in the blood of a rat or mouse, show a marked 
tendency to agglutinate as soon as the him is made. In stained speci- 
•liens, too, many paired forms are visible, the joined ends overlapping to 
«orne extent, so that the centrosomes come to lie side by side. The 
trypanosomes measure 13 /x to 15 / 4 , 7.0 /x to 23 /x, and some even 27 /x to 
28 /*.] 

[In stained films of the blood of animals inoculated with trypanosomes 
trom diherent sources, Martin was unable to see, as were I^avcran and 
Mesnil, and Thomas and Breinl (see next chapter), the long free flagellum 
described by Dutton and Todd. Even in the long forms of the parasite, 
the free flagellum is rudimentary or absent. Nevertheless, in the blood 
of naturally infected animals flagellated forms were sometimes seen, 
and these may even persist for a time in the inoculated animals. These 
observations confirm those of Dutton and Todd, and show that the forms 

* [O. Martin, ‘ Les Trypanosomiases de la Guinde Fran^aise,’ Paris, 190(3, 

1-120, with several hgures and maps, A. Maloinc ; also C A*. Soc. lUoL^ v. 6 i, 
^o, pp, 107- 109. The account given of these diseases is taken almost verbatim 
10m Martin’s summary (Chap. I.) in his monograph.] 
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with free flagellum may exist for some time and then disappear. It will 
be remembered that Martini observed similar morphological changes 
in liis two Togo trypanosomes.] 

[Animals infected spontaneously are wasted and walk slowly and with 
difiiciilty, owdng to great weakness of the posterior extremities ; tlie 
hair falls off, digestion is impaired, and blindness is not infrequently 
observed.] 

[Rats, mice, and guinea-pigs w-ere susceptible to all the strains of 
T. dimorplwn met with. Rais died in 14 to 30 days ; mice died either fairly 
quickly (5 to ii days) or slowly (40 to 48 days); gumaypii^s tW^iX in ij, 
39, and 57 days ; a rabbit died in 23 days. Monheys {Cercopithccus culli- 
iricliits) died in 43 days, 3 months, and 5 months. A hcifcr lived 54 days ; 
catSy 19, 20, and 151 days; dogSy ii, 16, 22, 30, and 97 days; a slice [> 
3 months and 13 days. In all the animals the spleen was much enlarged. 
To put it l)rieHy, after a fairly long incubation period, these different 
strains of trypanosomes pn^duced in all the ext)erimental animals sub- 
acute or chronic infections, resembling one another and also those ob.servetl 
with 7 '. dimorphon,] 

[Differentiation by .Laveran and jMesnil’s method with cured animals 
was not possible, for Martin’s animals did not acquire immunity. A 
billy goat and a sheep, cured of the natural disease (blood not infective 
in doses of c.c. and 15 c.c. for dogs), were re-inoculated with a trypano- 
some from a guinea-pig and a laboratory strain of 1 . dinwvphon respe^f;.- 
tivcly. T<m days later the blood of both animals was iniective Jor 
mice, and the goat and sheep themselves showed parasites in their blotul 
in 24 and 16 days resiiectively after injection. No dilfcrcnce could he 
made out betw’(?en the two parasites. W'e shrdl see (Chapter \ 11 .) tiial 
Thomas and Ilrcinl had similar cases — a sheep apparently cured of 
7’. dmorpbon developed a fresh infection and dictl. 'fhe natives in (jiiinea 
often stated that sick animals could recover, then have a recurrence tiie 
following year and die.] 

['riie other trypanosoine found in horses, cattle, and goats 
closely resembles 7 \ cazalhuiti. In fresh blood it is very' motile. In 
the horse the total length is 26 //- to 28 /a, free llagclhim 0 /* to 7‘5 g ; 
in cattle the total length is 22 /a to 28 fi, free llagellum 0 /a to 8 /c 
This trypanosome is not pathogenic for guinea-pigs, rats, or dogs. ] 

[On one occasion, in a Kankaya cow', Martin fuimd a giiiut ivypanosoniCy 
very long and with a very active imdulaling membrane, but which, 
nevertheless, travelled very sknvly, gliding between the red corpuscles 
without displacing them, after the manner of a spirillum. The llagellum 
was well developed. Only one such trypanosome was seen in several 
films examined. 'J'he blood of the cow was injected into a rabbu, 
guinea^ig, and rat without result. Centrifuging the ccrebro spinal ihiid 
akso faffed to discover any more parasites, 'fhe animal was a iiide-boiincl 
skeleton, and liad lost nearly all its hair. Tw'o months before it was seen 
it had given birth to a still-born calf,] 

[Human trypanosomiasis is also very^ prevalent throiighoid 
Guinca.J 

[Many species of Glossina have been found in this vast area. 
GL tachiiioidesy GL longipalpis, and GL fmea occur at Boke aiul 
elsewhere along the banks of the Rio-Nunc/, but it is GLpalpahs 
and G/. momtam that are the most widely distributed and practically 
universal.] 

[Other biting flies found here include several species of Tabanida-, 
and one or more species of Hippobosca^] 
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TRYPANOSOMIASIS OF HORSES IN CxAMPIA 

Pathogenic Agent : Trypanosoma dimorphon^ Duttoii and Todd, 

1904. 

[Section 1. — The Geogrraphical Distribution of the Disease.] 

This trypanosomiasis was discovered by Dutton and Todd^ (1902), 
during their investigations upon human trypanosomiasis, which was 
itself discovered thti year before b}' Dutton. 7 'hese two investigators 
explored the Gambia from September 2, 1902, to May 7, 1903, and 
were al)le to examine thirty-six horses in all. Horses are very scarce 
in Gambia; Dutton and Todd estimate tliat there are not more 
than a hundred throughout the colony, and the majority are of 
Senegalese origin. 

Of these thirty-six horses, ten had trypanosomes in the blood. 
ICight of them wore in the maritime districts (live at Cat)e St. Mary, 
and three at Bathurst), whilst two were discovered a long way from 
the sea, at Maka, a French station a little to the north of the River 
Gambia. It is tlierefore probable that the disease occurs througliout 
the British colony on the Gambia, and even extends to the neigh- 
bouring regions in the basin of the Senegal. 

During their stay at St. I-ouis and Dakar, on the Senegal, Dutton 
and Todd examined, but with negative results, a number of sick 
animals (horses, mules, cattle, and camels) coming from a region of 
the Sudan where there is a disease with symptoms closely resembling 
those of the trypanosomiasis of horses in Gambia. 

Only one out of ten horses showing trypanosomes was really ill 
at the time of the blood examination, and it died six days later. The 
disease is so insidious that it escapes the otherwise acute observation 
of the natives, who state that the animals die of simple inanition. 

[The earlier statement of the authors that ‘ the horse appears to 
be the only animal which suffers from the disease naturally, and that 
cattle and other domestic animals do not become spontaneously 
infected, although they are susceptible to experimental inoculation,’- 
needs modification in the light of recent researches. We have 
already seen that Laveran, Cazalbou, and Pecaud, in studying the 

^ Putton and Todd, First Report of the I'rypanosoiniasis Expedition to Sene- 
gambia (iyo2). Thompson Yates and Johnston Lab, Reports^ v. 5, 1903, 

[Laveran and Alesnil, in the original, p, 200. J 
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trypanosomiases of Haut- Niger, found a trypanosome closely 
resembling, if not identical with, T. dimorphon,'^ Also that Laveran 
and Martin described the same trypanosome in horses in French 
Guinea, and that Martin found the same infection in Bovidae, and 
very probably in sheep, dogs, and pigs, throughout Guinea.] 

[In addition to the Gambia colony. Haut-Niger, and French 
Guinea, this trypanosome appears to occur in the Shari basin 
(Decorse). The try|)anosorniasis in an ox in Sit;rra Leone, discovered 
by Smith, was probably a dimorphon infection (see p. TI9.] 

[The trypanosomiasis of mules in the Bahr-el-Ghazal province, 
discovered by Balfour, and that of cattle in Uganda (Jinja), dis- 
covered by Nabarro and Greig, were in all probability also due to 
7 \ dimorphon. \ 

[Dutton and Todd found a similar trypanosome in antelopes and 
cattle all along the Congo from Leopoldville to Kasongo. Both long 
and stumpy forms of T. dimorphon were seen in these animals.] 

[It is therefore permissible to suppose, says Martin, that a wide 
belt of the African continent, parallel with the Equator, and extend- 
ing from (jambia and Guinea on the west to the Anglo-Egyptian 
Sudan and Uganda on the east, is infected with 7 '. diuiorphoiu] 

Section 2. — The Course of the Disease in Horses. 

SrONTANKOUS iNFix/riON IN THK HoRsi£. — According to Dutton 
and Todd, the following is a resume of the symptoms of the natural 
disease in horses : The first symptom is loss of strength. The 
temperature seldom rises above 39® C. [102*2° b'.]. The parasites are 
scanty in the blood, sometimes ten being seen in a slide, but often 
they are fewer, and they may even be absent for long periods. 

Two or three weeks later the animal is really ill ; it wastes, hangs 
its head, the eyes become dim, and weakness is very apparent. At 
this time there are periodical rises of temperature, generally associated 
with the presence of parasites in the blood. 

The next month wasting becomes more marked, so that the ribs 
are visible. It seems as though the flesh passes from the chest to 
the abdomen, but, in spite of this enlargement of the abdomen, 
there is^no oedema. The scrotum is pendulous, and the testicles 
hang sd low that at first sight it seems as though they were 
(edematous. Sometirncjs there is a slight watery discharge from the 
eyes. In none of the sick horses did Dutton and Todd find definite 
oedema of the abdomen, scrotum, or limbs, or staring of the coat, 
which are usually so pronounced in horses suffering from nagana. 

The stage of the (lisease just described lasted ten months in one 
horse. During that time trypanosomes were seen in the blood only 
on four occasions, each time in association with a slight rise of tem- 
perature to about 39'5° C. [103*2° F.]. 

^ [Laveran has recently come to the conclusion, however, that this trypanosome 
is distinct from T. Uhnorphon (see p. 226).] 
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With the progress of the disease emaciation becomes gradually 
more marked, so that the ribs and pelvis are very prominent. The 
animal is now characteristically apathetic. OEdema is still absent ; 
there is often a slight whitish discharge from the eyes, and sores 
appear in the lumbar region where the bones project. There are 
never any hajmorrhages, either from the mucous membranes or from 
the kidneys. During this stage trypanosomes arc almost constantly 
present in the blood, often in large numbers. The temperature is 
nearly always high (up to 40‘5° C. [105® F.]) and fluctuating (see 
FiS- 25, A). 

Dutton and Todd saw two horses die of this disease. One of 
them lingered for three days, scarcely able to raise itself owing to 
extreme weakness ; the breathing was laboured ; there was almost 
constant sweating, and just before death a slight convulsion. The 
other horse, whose temperature chart is given in Fig. 25, A, died 
almost suddenly. ShortW before death, but not earlier in the disease, 
the animals showed a diminution of the red corpuscles and of haemo- 
globin. 

Post-mortem there was a yellowish, gelatinous cedema of the 
sheath, and in the first horse also of the abdominal walls. Amber- 
coloured fluid was present in the peritoneal, pleural, and pericardial 
cavities ; there was general enlargement of the lymphatic glands, 
the spleen was not enlarged, the liver was fatty, the lungs congested. 

It is impossible to give precisely the duration of the disease. One 
horse was infected for more than a year. Of two colts a year old, 
one was alive six months after the disease was recognised in it, while 
the other died two months after. Possibly some horses recover from 
the disease. [A naturally infected horse, which was brought from 
the Gambia to FIngland, was still alive and in excellent condition 
two years and five months after it first came under observation ; but 
its blood was still infective^ though only in larger doses than formerly — 
1 to I J- c.c. for rats, 3*5 c.c. for rabbits (Thomas and Brcinl).] 

The disease can only be diagnosed with certainty by finding the 
trypanosome in the blood. It may, however, be suspected in animals 
which look dejected, and have a temperature above 3S’3® C. [101® F.]. 

The natural disease in horses to some extent resembles nagana 
in its clinical history, but the symptoms are less definite, and the 
disease runs a much more chronic course. 

By means of the virus, for which we are indebted to Dutton, 
Todd, and Annett, we have succeeded in infecting a certain number 
of animals, including a horse.^ The very complete account which we 
u.re able to give of this horse confirms, and in certain respects com- 
pletes, the description of Dutton and Todd. 

Experimental Infection of the Horse. — The horse we 
inoculated was strong and had particularly thick-set limbs. It 
Weighed 575 kilogrammes [about 1,265 pounds]. It was inoculated on 

^ T-averan and Mesnil, C, A\ Acad, Sciences, v. 138, March 21, 1904, p. 732- 
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November 13, 1903, under the skin of the neck with h c.c. of diluted 
blood of a rat containing many trypanosomes. Fig. 25, H, shows 



H 


the temperature curve for two months from the day of inoculation, 
and also the relative number of trypanosomes in the blood. 

The horse never suffered from continued fever. There was a rise 
of temperature to 39*4® C. [103° F.] on the eleventh and twelfth 
days coincident with the appearance of trypanosomes in the blood. 


a, 
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After that there was an apy retie period of seven da5^s, durin[!j which 
the parasites could not be found on microscopical examination. On 
the Kjtli and 20th days the temperature rose to 41° C. (105*8° F.], on 
tlie 23rd and 24th days to 39*5'^ C. [103*2° F.], and on the 29th day to 
39*1° C. [102*4° I"-]- During this period, from the i8th to the 30th day, 
a few trypanosomes were always found in the blood on microscopical 
examination, and they continued to be present until the 53rd day, 
although the temperature had become normal, except for a small 
rise to 39° C. [102*2° F.J on the 42nd day. F rom that time the tempera- 
ture was practically normal, and trypanosomes were found only 
once, on the Sist day. That they were still present, however, is 
shown by the fact that I c.c. blood, taken on the 105th day, infected 
a mouse, and blood taken on the 121st, 157th, and 183rd days pro- 
duced, in doses of 2*5 c.c., an infection in rats after a prolonged 
incubation period. 

Abcnit the 50th day the scrotum was swollen, and two days later 
there was a very characteristic large aidematons swelling near the 
middle of the abdomen. This persisted for about one and a half 
months and then entirely disappeared. No other external sign of 
disease was seen, and the horse never seemed ill. [ Seven months 
after inoculation this horse had recovered, and 15 c.c. of its blood 
was not infective on injection into a susceptible animal. It subse- 
quently became infected with mbori, to which it succumbed. \| 

We would draw attention to the cedema present in our horse, 
which is like that seen in nagana, but which, according to Dutton 
and d'odd, does not occur in the sick horses in (jambia. 

Section 3. -Course of the Disease in Mammals other than the 

Horse. 

[Dutton and Todd, Laveran and Mcsnil, Thomas and Dreinl,- 
and (i. Martin have investigated the effects of this trypanosome 
ujjon various species of animals, and have found that most mammals 
are more or less susceptible to 7 '. dimorphoit. Martin's results with 
the Guinea trypanosome, as well as those of Balfour and of Nabarro, 
Greig, and Gray with those of the Sudan and Uganda, which were 
probably also T, diinorphon, have already been given in different 
Sections of Chapter VL] 

Rodents. — Rats, mice, guinea-pigs, and rabbits are susceptible. 

In the rat, according to Dutton and Todd, tlic incubation period 
varies from three to twelve days. Death occurred, with one excep- 
tion, in twenty to seventy days after inoculation. Trypanosomes 
are nearly always present in the blood. Sometimes, when the disease 
runs its course in twenty to twenty-five days, the trypanosomes 
gradually increase in number until the end. In rats which are 

J [[^formation kindly furnished by the aulhors.] 

*’ [ Thomas and Hreinl, Thompson Yates ami Johnston Lab, Reports, v. 6, 

part 11., 1905, pp. 25-31.] 
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rather more resistant, the parasites diminish in number at times, 
and they may even be absent on microscopical examination. In some 
of these rats Dutton and Todd noticed cederna of the tunica vaginalis 
and of the abdominal parietes, and occasionally a slight diminution 
in the number of red corpuscles. 

Our own observations agree with those of Dutton and Todd. 
We find the average duration of the disease in ordinary white or 
speckled rats to be twenty-three days (minimum ten, maximum forty- 
two). As a rule trypanosomes are numerous in the blood. Post- 
mortem the spleen is considerably enlarged, particularly in rats 
which showed a certain resistance to the disease — for example, in a 
rat weighing 125 grammes, which lived forty-two days, the spleen 
weighed 5 grammes. 

[Thomas and Dreinl' obtained very similar results with their rats. 
One rat showed a marked degree of resistance to the parasite. It 
developed a mild infection after the second intraperitoneal inocula- 
tion, but it very soon recov'crcd, and was then immune against large 
doses of the virus.] 

[Post-mortem the spleen was considerably enlarged in chronic 
cases; the lymphatic glands were also enlarged and often haiinor- 
rhagic. Haemorrhagic nephritis was noted in tw'o chronic cases; the 
urine contained a few trypanosomes, and numerous small haemorrhages 
were found under the capsule and in the substance of the kidneys.] 

Mice, according to Dutton and Todd, are a little more susceptible 
than rats ; incubation tw^o to seven days, death in sixteen days to 
one month. In our experiments w^hitc mice were about as resistant 
as rats, some, however, living for months with the disease. One 
animal will suffer from a hiirly acute infection lasting at least a 
w'eek, while another may have a chronic infection lasting some- 
times more than Jive months, but always terminating fatally. In 
the one case, as in the other, trypanosomes arc generally numerous 
in the blood during the course of the disease. In very chronic 
cases the enlargement of the spleen, which may be enormous, 
is quite characteristic. The mouse becomes deformed, and on 
palpation the hypertrophied spleen can easily be felt as an abdominal 
tumour. In two mice, weighing 24 to 25 grammes, in which the 
disease Iksted 92 and in days, the spleens weighed 2*62 and 
2*55 grammes respectively. Even when the disease runs its course 
in from one to two wrecks, the spleen of a mouse of 20 grammes never 
weighs less than 0 4 gramme ; that is to say, six times the normal 
weight. 

One of our mice deserves special notice, as it died five and a half 
months after infection. 

Inoculated November 12, 1903 ; trypanosomes present November 18; 
died April 24, 1904. During November and December it had three 

* J Thomas and Brcinl, Thompson Yates and Johnston Lab» Reports, v. 6, 
I905»PP-25, 26.] 
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injections of human serum, which caused the trypanosomes to disappear 
for a very short time. During January parasites were always found on 
examining the blood, sometimes in large, sometimes in small numbers. 
.From the middle of February trypanosomes were always numerous or 
very numerous in the blood. From January 15 the spleen was enormous ; 
at the autopsy it weighed 3 grammes, the mouse weighing only 27 
grammes. 

The trypanosomes in this mouse were attenuated in virulence. Thus, 
a rat inoculated subcutaneously on March 2 did not show trypanosomes 
in its blood until April 2. Two mice were iiiocuhited on March iH. (.)ne, 
inoculated intraperitoneally, showed parasites on the 30th and died 
April 4, while the other, inoculated subcutaneously, did not sliow any 
trypanosomes in its blood until April 8. On dilFercnt occasions we 
found, on microscopical examinations of stained specimens, numerous 
intraleucocytic trypanosomes, always spherical in form, but recognisable 
by their nucleus and centrosome. We never succeeded in observing the 
engulfment of normally shaped trypanosomes. During the last few days 
of life the mouse lost much of its hair. 

Two guinea-pi^s inoculated by Dutton and Todd died in 29 and 
31 days ; incubation period 8 and 4 days respectively. The tempera- 
ture was between 39*5° and 40^ C. [103*2° to 104° F.J. Trypano- 
somes were nearly' always present on microscopical examination, and 
were numerous at the time of death. We likewise inoculated two 
guinea-pigs, which died in 24 and 30 days. During the last few 
days of life trypanosomes were fairly numerous. The spleen was 
found sliglitly enlarged. 

[Thomas and BreinI {op. cit., p. 26) found the incubation period to 
vary from 4 to 15 days, average 4 to 6 days ; the disease lasted from 
9 to 60 days. The temperature was usually slightly raised when the 
parasites first appeared, but after that it varied little from the 
normal. There was moderate anaemia and loss of weight. Trypano- 
somes gradually increased in number, until there were as many as 
forty' to sixty to a field. These high numbers continued for ten 
days before death, or there was a diminution coincident witli a 
leucocytosis. In the more chronic cases there was marked periodicity 
in the number of the parasites.] 

I Rupture of the spleen occurred in seven cases, five of which 
were of the very acute type. Enlargement of the glands was not 
marked in any of the guinea-pigs.] 

A rabbit inoculated by Dutton and Todd had an incubation 
period of 13 days, and died 53 day's after inoculation. Its tempera- 
ture was constantly raised and even reached 42° C. [107*6° F.]. 

Two rabbits we inoculated subcutaneously died in 76 and 115 days, 
after an incubation period of about 12 days. Parasites were always 
scanty on microscopical examination. The first rabbit died in an 
anscmic and cachectic condition, while the second appeared paralysed 
the day before death, but had not lost weight. The spleen weighed 
^0 grammes, the weight of the rabbits being about 2 kilogrammes. 

[Thomas and BreinI found the incubation period in rabbits to vary 
from 4 to 15 days. It was shortest after intravenous inoculation/ ; 
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longer after intraperitoneal, and longest after subcutaneous injection. 
The disease ran an acute course in some animals, death occurring in 
26 to 35 days after intravenous inoculation. In others the disease 
was more chronic, and lasted 78 to 157 days. Trypanosomes were 
sometimes present in large numbers in acute cases, but not nearly so 
frequently as in the guinea-pig. In the more chronic cases there 
was marked periodicity in the number of parasites seen in the blood. 
Profound an;emia, loss of weight, staring of the coat, and slight 
oedema of the hind-limbs and base of the ears, were the chief symptoms 
noted. Discharges from the eyes, nose, and genitals were rarely 
seen. The temperature was raised with the first appearance of 
the parasites, then bccaine irregular, often showing considerable 
elevations, and towards the end became subnormal. The spleen 
and lymphatic glands were found enlarged.] 

Monkkys. — A mangrove monkey {Ccrcopithcciis ?) inoculated by 
Dutton and Todd showed parasites in its blood four days after 
subcutaneous injection of blood rich in tryjianosornes. Unfortu- 
natcl}’, it escaped the following night. 

Three baboons {Cynoccpluilus sphinx) inoculated .by Dutton and 
Todd were absolutely refractory, for thoir blood in doscjs of as much 
as 3 or 3J c.c. was not infective for rats. Thomas and Linton, 
continuing these researches at Liverpool, succeeded in infecting a 
baboon. 

[The temperature was irregular, and loss of weight was marked, 
especially when the parasites were first seen. The baboon died 
six and a half months (204 days) after inoculation. Its spleen and 
lymphatic glands were slightly enlarged. Thomas and Hrcinl also 
successfully inoculated a Ccrcopithecus callitrichiiSy a Maciiciis rhesus, 
and a Je%v monkey with this trypanosome. Tho first died in 160 days, 
and the last in 75 days after inoculation. The Macacus became 
infected on the seventh day, but after this parasites were hardly 
even seen, and the monkey died finally from dysentery.] 

We have injected the T. dimorplwn into a baboon, but, like 
Dutton and Todd, with a negative result. 

Dogs. — Interesting results have been obtained with dogs. Three 
young dogs inoculated by Dutton and Todd died in ig, 32, and 
36 days (after an incubation period of less than 8 days, 11 days, 
and 3 days respectively). The animals had remittent fever, and 
trypanosomes were constantly present in the blood. 

An adult dog inoculated by us behaved similarly: Incubation 
period 10 days ; death in 25 days ; fever continued (see Fig. 26) ; 
trypanosomes almost constantly present on microscopical examina- 
tion, and fairly numerous a few days before death. Through- 
out the disease there were no obvious physical signs externally, and 
post-mortem the only lesion found was enlargement of the spleen, 
which was about six times the normal size (weight, 97 grammes in 
;a dog of 7I kilogrammes). 
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Dutton and Todd inoculated a dog ( ? ) which was alive ten and 
a half months later. At first the disease resembled that seen in the 
other dogs : Incubation period nine days ; trypanosomes constantly 
present in the blood in small numbers for four months ; and rises of 
temperature to 40‘2° C. [xo4‘4° F.] at the first appearance of trypano- 
somes in the blood, and to 39° or 40° C. |to2’2° or 104'" F.] with 
each recrudescence of the parasites. Since that time the dog has 
always been in good health, and has undoubtedly recovered, for 
in the tenth month 2i c.c. of its blood were no longer infective. 

[This bitch was brought to England, and was still alive three years 
after inoculation. While in England it had pups, which were found 



I'Vi. 26 .--TEMPliKATCRK CfIAKT OF A DOG INFECTED WITH T. {UlIhUf/tOH, 

O indicates absence of trypanosomes; I , present but scanty ; ; i-, fairly numerous; 

, numerous. 

-I- r 

to be quite as susceptible as normal pups, and to succumb in the 
usual time. The scrum of the bitch was not protective.] 

[Thomas and Ikeinl found the incubation period to be q to 
8 da.)'s, and the total duration of the disease lo to iq days in adult 
dogs, 9 to 26 days in puppies. Trypanosomes were almost con- 
stantly present; fever was irregular or continuous, the tempera- 
ture being usually subnormal before death; loss of weight and 
anf.ernia were prominent features. Post-mortem the spleen w'as 
often considerably enlarged (tw^o or three times the normal size). 
The lymphatic glands w^ere enlarged and sometimes hf.emorrhdgic.] 
[Cats. — Four cats and two kittens w-ere inoculated by Thomas 
and Breinl. The incubation period w^as 12 to 14 days in adult cats, 
and 71 days in a kitten. In the former the disease w'as chronic 
(9 to 10 months), but a kitten died in 23 days. In the full-grown 
animals the parasites w^ere scanty, and appeared in the blood at 
irregular intervals ; in the kitten they were constantly present 
and in greater numbers. The temperature was raised, but irregular, 
in all the animals, being higher in the acute disease (kitten). In the 
chronic form (adults) the anaemia and loss of w^eight were not so 
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pronounced as in the acute form in the kitten. In both forms 
there was at times a discharge from the eyes or nose.] 

[Two cats aborted during the infection, but the blood of the 
foetuses was not infective on injection.] 

[Post-mortem the spleen was enlarged in all cases, but more in 
the acute than in the chronic cases. The lymphatic glands were not 
much enlarged.] 

Cattle. — Dutton and Todd inoculated a calf (c?) six months 
old and an ox. Nine days later in the former and twelve days later 
in the latter animal some trypanosomes were found on centrifuging 
the blood. Trypanosomes were always scanty in the blood, that of 
the ox, for example, showing usually only three parasites in i c.c. 

In the calf the temperature rose to 40*6° C. [105° F.] two days 
after inoculation, but fell again the next day ; it was raised again on 
the seventh to the ninth days, and also on the eleventh day ; on the 
eighteenth day there was another small rise. The animal died 
twenty days after inoculation. In the ox the temperature was below 
39° C. [i02‘2° F.] for the first twenty days, but towards the end of 
the first month it rose to 40'5° C. [105° F.J for two days. The 
animal died forty days after inoculation. Cattle, therefore, appear 
to be very susceptible to the Gambian trypanosomiasis, yet Dutton 
and Todd never met with a case of natural infection in these 
animals. 

Post-mortem there was nothing characteristic except, perhaps, 
enlargement of the lymphatic glands, which were congested or 
cedematous. 

Goats. — Two goats were inoculated by Dutton and Todd, who 
found the incubation period to be three or four days. During the 
following two or three Aveeks a few parasites were occasionally seen 
in blood-film’s. At the first appearance of the trypanosomes the 
temperature rose to 407° C. [105-2° P\], and this was followed by 
irregular fever. The two animals were still alive nine months and 
ten and a half months after being inoculated, and the blood of one 
of them was found to be still infective five months after inoculation. 

[These two goats were brought to England in 1903, and sub- 
sequently appeared to have recovered. The blood of goat i was not 
infectiveTor animals in doses of 2 to 3 c.c. nine months after inocula- 
tion, but this goat had not become immunized, for it was successfully 
re-inoculated by Thomas and Breinl, and succumbed to the infection. 
Goat 2 had apparently recovered a year after inoculation, but five 
months later, when accidentally killed, 100 c.c. of heart blood 
infected a guinea-pig after a prolonged incubation period. The 
serum of these goats did not cause any permanent agglutination.] 

We have also infected two goats by injecting under the skin 
of the ear blood of a rat containing 7'. dimorphon. Goat i died in 
twelve and a half days with an acute infection. Six days after 
inoculatibn'the temperature rose to 39*5° C. [103-2° F.] ; on the next 
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two day^ it was 40*6 C. [105® F.], and on the succeeding days 41®, 40-5®, 
40-5®, and 39-5® C. [105*8®, 105®, 105®, and 103*2® F.]. Trypanosomes, 
scanty seven days after inoculation, were numerous from the eighth 
day until death. Goat 2 was inoculated on December 28, 1903. The 
disease began, as in goat i, with high fever and many parasites in 
the blood ; but later the temperature, after a series of oscillations, 
gradually returned to normal (see Fig. 27), and the trypanosomes 
became scanty in the blood. For the first montli they were almost 
constantly present at the daily blood examination, but after that 
time they diminished very much in number, so that on several 
occasions they could not be found. [The goat lived for twenty-one 
and a half months after inoculation, and at death T, dimorphon was 
still present in considerable numbers.]^ The course of the disease 



Fio. 27 .— Tkmi'hraturk Chart ok a Goat inff.ctfd with T^dimorphon. 
The signs O, +, etc., have the same significance as in Tig. 26. 


in this goat closely resembled that in the two goats inoculated by 
Dutton and Todd. 

Sheep. — Dutton and Todd infected a native sheep six months 
old. Trypanosomes appeared in the blood in eight days, and were 
numerous during the following week. Later they were still present 
but scanty, and finally they disappeared. With the first appearance 
of the parasites the temperature rose to 419® C. [107*4® F.J, which 
was followed by irregular fever, with rises to 40*5® or 41® C. [105® to 
105*8® F.] The animal died, without showing any symptoms, 182 
days after inoculation, on its way to England. 

[Thomas and Brcinl inoculated a ram intraperitoneally. On the 
sixteenth day there was a slight rise of temperature, and trypano- 
somes were seen in the blood. Ten days later they were nuitierous 
(ten to forty in a field), and continued so for a week. After this 
they diminished, and remained scanty until death, which occurred 
eighty-four days after inoculation. Anaimia was constant, and the 
animal wasted rapidly. Post-mortem there was no enlargement of 
the spleen or lymphatic glands.] 

Birds. — Two fowls were inoculated several times, but un- 
successfully, by Dutton and Todd. 

^ [Information furnished by the authors.] 
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In conclusion, 7 \ dimorphon gives rise in those mammals which 
have hitherto been experimented upon either to an acute or subacute 
disease (as in rodents, dogs, and cattle), or to a chronic infection (as 
in goats, sheep, [monkeys, and cats]) ; but the disease is never so acute 
as that caused by T, hntcci. Baboons are, as a rule, refractory. 

[Chanc.ks in the Organs induced dy T. dimorphon have 
been studied l)y Iheinl^ in arti/icially infected tnorikeys, dogs, rabbits, 
guinea-pigs, and rats.| 

[The leptomeninges of the brain and spinal cord were very congcjsltul 
in all the chronic cases. On section the grey matter was also congested, 
and showed niany small ha tnorrhages. The livtir and spleen were nuicli 
congested, the latter often showing hremorrhages in its substance.] 

[Microscopically, the perivascular spaces in the grey matter of the 
nervous s3-stcm were often filled with red blood -corpuscles, piginejit 
granules, and a few leucocytes. 'I'he spleen showed extreme congestion, 
especially near the periphery' where fre<]uently only red blood-corpusclt's 
were to be seen. Many hyaline cells were present containing red blood- 
corpusedes and much blood-pigment. There was great proliferation of 
the endothelium of the vessels, so that in some places these appeared to lui 
obstructed.] 

[The lymphatic glands presented marked changes. \'ery often the 
lymphoid tissue was much reduced ; the spaces between the hands of 
lymphoid tissue network contained a few lymphocytes, hyaline cells with 
two or more nuclei, cells with a large rpiantity of included pigmejit 
giving th('. iron reaction, and very many large free pigment granules. 
In some cases, in which the spleen contained only traces of pigment, tlie. 
glands were practically liiled with, it (Mreinl). The degree of pigmenta- 
tion increases with the duration of the infection.] 

[The cells of the li^•er and kidneys were oiten degenerated, being fatty 
and atrophi(?d. Blood-pigment was often found in tlui liver.] 

Section 4, --The Trypanosoma dimorphon. 

In a fresh blood-lilm this trypanosome can l.)o easily identified, 
on account of the great difference in si/c of the various forms.’ 
There are parasites 20 ft to 25 /a long, which in their general appear- 
ance clo.scly resemble 7 \ briicciy the only difference bc.ing that tin; 
anterior part is less slender or drawn out, the reason of which 
we shall .see presently^ Other parasites arc not more than 12 
long; the po.sterior end is quite Vounded off, and the body becomes 
graduailly thinner right up to the anterior end. These ft)rms have a 
very cliaracteristic movement. They move from place to place by 
twisting on themselves like a tadpole, then suddenly they stop and 
start again in a similar fashion, the undulating membrane being 
only .slightly visible. Between these two extreme types there are 
all kinds of transitional forms. 

In stained specimens these various forms arc also seen, but as 
our own ob.servations arc not entirely in agreement with those of 

^ [Breinl, op. cit.^ pp, ^57-89.] 

[\Vc have seen, however (p. 226), that a trypanosome, morphologically ve- 
sembling J\ dimorphon^ occurs in the French Sudan, and that Laveran h.u 
concluded that these two trypanosomes are distinct species.] 
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Dutton and Todd, we shall give first a r^sum6 of their observations 
and then our own. 

Dutton and Todd distinguish three forms of the parasite : 

(1) ‘ Tadpole forms.’ These are ii /x to 13 ,a long, by o'S /ti to 1 /x 
wide. The free flagellum is very short, the centrosome almost at the 
end of the body, and just in front of it there is a clear space. A few 
chromatic granules are present. The body increases in size before 
dividing by fission. This form of the parasite is seen in the horse, 
rat, and mouse at the beginning of an infection, but tends to 
disappear later. 

(2) ‘ Long forms.’ These are 26 /ex to 30 /x long, by i-6 ,a to 2 /x wide. 
The body is long and slender, and there is a long free flagellum. 
The posterior extremity (post-centrosomic part) measures from i'6 /x 
to 3‘2 /X, and resembles the head of a pike. There are no blue- 
staining protoplasmic granules. This form predominates in the 
blood during the days which precede the death of the animal. 

{3) * Stumpy forms.’ The body is short (16 /x to 19 /x) and squat 
I3'5 AX wide) ; the free flagellum is very short, and no division forms 
are seen. The centrosome is quite close to the rounded posterior 
extremity, and in front of it a clear space can usually be made out. 
The protoplasm contains several chromatic granules. This form is 
very common in the blood when the disease is not yet far advanced. 
It really does not differ from the .so-called ‘tadpole form,’ and the 
tlircc forms may, therefore, be reduced to two. This is the origin of 
the name dimorphon suggested by the investigators of the Liverpool 
School of Tropical Medicine to designate the trypanosome of horses 
in Gambia. (Letter from Dr. Annett, December 18, 1903). 

We ourselves have not been able to sec any difference 
between the ‘ tadpole ’ and ‘ stumpy ’ forms. We have seen short 
parasites, 10 /x to 15 /x long, by 0*7 yx to i'5 /x wide, but have never 
seen forms 3-5 /ix wide in good blood-films, and the same remark 
applies to the spherical forms which Dutton and Todd say are 
derived from the ‘ stumpy ’ forms. We recognise the existence of a 
short form and a long form (average length 22 /x ), the width of the 
former being about i fi, and of the latter about i‘5 /x. The short 
form cannot be looked upon as a young individual of the large form, 
because each form multiplies by longitudinal fission. 

It is particularly with regard to the long form that we differ-from 
the English investigators, who describe and figure a long free 
flagellum. According t<3 our own observations, the protoplasm of the 
body is continued along the flagellum almost or quite to the end. As a 
result, the really free part of the flagellum is very short, or even absent, 
in the long form as well as in the short. We have already pointed 
iiut a similar appearance in T. brucei.]i\st after division, but in the 
t asii of T. dimorphon all the parasites occurring in the blood show' it. 

[Thomas and Breinl and G. Martin agree with Laveran and 
Mesnil as to the absence of Dutton and Todd’s long form, with 

i6 
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long free flagellum, from the blood of subinoculated animals. But 
we have already seen (Chapter VI., Section ii) that in the blood of 
naturally infected sheep in Guinea, Martin found trypanosomes witli 
a long free flagellum, and that these flagellated forms even persisted 
for a time in the blood of experimental animals.] 

As already stated, transitional forms exist between the short and 
long varieties (see I'ig. 28, i to ./). Some long forms have a pointed 
post-centrosomic end (Fig; 28, i and 5) ; others (Fig. 28, 3') have a 
rounded end, like all the short forms ; while Fig. 28, 0 , shows an 
intermediate condition. The undulating membrane is never well 
developed ; in the small forms it is closely applied to the body 
proper. 

Fig. 28, j to 7, represents the stages of division in a long form 
(Fig. 28, s and 6 ), and in a form transitional (Fig. 28, 7) between 



Fk; . 28. — T R VFANO.SOM A Pi MORPHON. 

1 and 2. Lonj? forms. 3. Intermediate form. 4. Short form. 5, 0, and 7. Dividing 
forms. (Magnified about 2,000 diameters.) 

the short and long forms. The mode of division is the ordinary 
longitudinal fission into equal or subequal parts. 

There is one other point to be mentioned, namely, that the proto- 
j)lasm of all the forms of T. dimorphon stains a very deep blue, and 
only very exceptionally are protoplasmic granules visible.^ 

We have seen parasites with pale-staining protoplasm, as 
mentioned by Dutton and Todd, and compared by them with tlie 
hyaline forms of T. bnicei of Plimmer and Bradford. We think 
that, in this case as in the other, they are involution forms. 

The morphological differences between T. dimorphon and the 
trypanosomes of the type brucei are so obvious that it is unnecessary 
to dwell upon them. 

An interesting feature of T. dimorphon is its great tendency to 
agglutinate as soon as the blood of a rat or mouse containing many 
parasites is placed on a slide and covered with a cover-glass. 

^ [Thhrou.x and Teppaz state that they often found protoplasmic granules in this 
.trypanosome, as Dutton and Todd had done. They also describe endocorpuscular 
forms of the parasite.] 
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[Thomas and Breinl and Martinhave also noticed thisphcnomenon. 
The first two observers saw it with the blood of rabbits and guinea- 
pigs, as well as with that of rats and mice.] 

In stained specimens man}' trypanosomes arc seen in pairs, but 
instead of the two posterior ends facing one another, as is the case 
with T. bnicei and T. leivisi, the two parasites are in contact laterally 
for a portion of their length, so that frequently the centrosomes arc 
on the same level. 

We have exposed to liquid air citrated and diluted rat’s blood 
containing many, trypanosomes. This blood, before the action of 
liquid air, injected in doses of two drops, killed mice in thirteen and 
fifteen days. After fifteen minutes’ exposure to \u\nkl air, most of the 
parasites were killed, but sonie survived, for the blood, in doses of 
.1 C.C., killed mice in twenty-seven and thirty-two days. After one 
hour’s exposure to - 191^ C. a few active trypanosomes were present, 
yet the blood failed to infect two mice in doses of i c.c. Blood, kept 
for twenty-four hours at — 191° C., which on microscopical examina- 
tion showed only some small spherical bodies, did not infect on in- 
jection. The mice inoculated with the blood cooled for one hour 
and for twenty-four hours did not acquire any immunity. 

We made only one attempt to cultivate T. dimorphon in Novy 
and McNeal’s medium. Under those conditions we kept tlu^ try- 
panosomes alive for more than a month at 25'' C., but from the 
fourteenth day onward they constantly diminished in number. 
During the second fortnight we saw forms with three, and even four, 
flagella, which appeared to us to be true multiplication forms; but 
development stopped there, and subcultures were unsuccessful. 

[Using a slight modification of Novy and McNeal's medium (the 
^amo as they used for 7 \ f^ambiense; see Chapter XII.), Thomas and 
Breinl made a number of culture experiments with T. dimorplum. 
Cultures made at 22° C. were infective for animals up to the 
twenty-third day, when injected in large amounts. Subinoculated, 
hut non-virulent, cultures remained alive as long as the fifty-sixth 
day. In one case two feebly motile trypanosomes were found, in a 
second generation tube, on the seventy-sixth day. ] 

Section 5, — Individuality of Trypanosouia dintoi*phoki^ 

The trypanosomiasis of horses in Gambia existing side by side 
'vith human trypanosomiasis, it was necessary to ascertain whether 
the two causal agents of these diseases, 7 \ dimorphon and T, ^ainbicme, 
Were really distinct species. We agree with Dutton, Todd, and 
Annett in answering this question in the affirmative, for the following 
reasons ; (i) Morphologically, T. dimorphon differs from T. gambiemc 
Well as from the other well-defined trypanosomes. (2) Animals 
which have acquired immunity against T. gambiense are susceptible 
to 7 . dimorphon^ as we have shown to be the case with mice. We 

16 — 2 
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may add that in all these mice (six in number) the dtmorphon 
infection was always acute. (3) Human serum, which has no action 
upon T. gambtense (see later), has a marked effect upon T. dimorphon, 
though less than it has upon the parasites of nagana, surra, and 
caderas. 

It was equally advisable to compare T. dimorphon with the 
parasites of the other animal trypanosomiases. The morphological 
differences between 7 . dimorphon and the other trypanosomes, and 
the details of its effect upon various susceptible mammals, already 
left little doubt about its individuality. After our two experiments 
on the goats quoted above, there can remain no doubt at all about it. 

Goat I, which died so rapidly, had, as a matter of fact, become 
immunized against the nagana of Zululand, against caderas, and against 
the surra of Mauritius (see its history in Chapters VI., VIII., and IX.). 
It was infected with nagana from October 25, 1901, till March, igo2 ; witli 
caderas from November 8, 1902, till April, 1903 ; and with surra from 
June 5, 1903, till the end of October, 1903. After recovery from each 
infection it was tested with the virus from which it had just recovered. 
In addition. It was tested with nagana on May 20, 1903, and December 13, 
1903, but did not become infected (on the latter occasion, however, the 
T. hmeei remained in the blood at lea.st a week). On December 28, 1903, 
it was inoculated with T. dimorphon. 

Goat 2 was immunized against caderas and surra. VVe have already 
seen that the.se two goats were very susceptible to inoculation \vitl’i 
T. dimorphon, especially Goat i, which succumbed in twelve and a half 
days. 


Section 6. — Mode of Propagation. 

Glossinu palpalis^ is prevalent in Gambia along the banks of the 
rivers anti in the brushwood as much as two miles from any water. 
This fly is particularly abundant in the mangrove swamps. On the 
other hand, under similar conditions it would appear to be absent 
from the Senegal. 

Dutton and I odd made a certain number of experiments to show 
the possible part played by this fly in the transmission of the 
Gambian trypanosomiases. Flies caught in a locality where five 
horses out of six suffered from trypanosomiasis did not infect three 
white rats (44, 6g, and 62 flies respectively were allowed to bite 
these rats). Other flies were placed upon a rat after having previously 
fed on an infected horse and rat. All these experiments gave negative 
results. 

Dutton and Todd had similar failures with the two species of 
Stomoxys, which are very plentiful on. the Upper Gambia. They 
think that possibly their failures were due to the fact that the 

‘ [Mr. Austen informs me that the Gambia tsetse-fly is a local race of d/- 
palpalis, vi'nh femora and abdominal markings pale. He thtnight formerly that 
this fly was the Gl. papal is, var. tachinoiiUs^ but since examining a long series of 
specimens from Northern Nigeria he has come to the conclusion that w 
tachimides, Westwood, is a species jjcrfectly distinct from Gl. pa/palis.—Ev.l 
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experiments were made during the dry season. Possibly they were 
also due to the animal chosen for experiment — namely, the rat. 

[In French Guinea and other parts of Africa, in which the 
dimorphon^ infection exists, several other species of Glossina, notably 
GL mordtansy as well as other biting flies (Tabanidai, Hippobosca)^ 
have been shown to occur. It will be remembered, too, that Nabarro 
and Greig, in Uganda, were able to convey the Jinja virus (probably 
T. dimorphon) from infected to healthy monkeys by the bites of 
Gl. piilpcilis-^ 

Section 7. — Treatment. 

One of us- has made some experiments with arsenic, in the form 
of sodium arsenite, and with human serum. Both have some effect. 

Human serum injected in sufficient doses into mice and rats with 
many T. dimorphon in their blood usually causes the parasites to 
disappear in thirty-six or forty-eight hours, but they soon reappear. 
In cases in which the trypanosomes are numerous, the only effect 
of the injection of human serum may be to diminish the number of 
parasites. The action of human scrum is therefore quite definite, 
blit less than in nagana, surra, and caderas. 

Arsenious acid also has an effect upon T. dimorphon, but 
apparently less than it has in the case of other trypanosomiases. 

We have also studied the action of trypanred upon 7 \ dimorphon 
in mice ; it causes a temporary disappearance of the parasites from 
the general circulation.*^ 

1 [Thiroux and Teppaz (Amt. I»s/. Pas/., v. 21, 1907, pp. 21 1-223) that 

ihis trypanosomiasis is present in the region of Nianing and in other parts’ of 
French Sen< 5 gal. Many biting flies occur there, including Gl. palpalis and 
GL limirlpcnnis.\ 

[Laveran, C R. Aratl. Sciences, v. 1^8, Feb. 22, 1904, p. 450. 

' [See also Chapter XU I., on Treatment.] 



CHAPTER VUI 


SURRA 

Pathogenic Agent: Trypanosoma evansi^ Steel, 18S5. 

This name has been used from time immemorial by the natives of 
certain parts of India for a disease of horses characterized by 
profound cachexia, without any lesion post-mortem to account for 
this cachexia. As a result of the researches of the last twenty-live 
years, we now know that surra occurs naturally, not only in horses, 
but also in other Equid^e, in camels, and in cattle. Epizootics have 
also been recorded among sporting dogs in certain parts of India. 
According to G. H. Evans (quoted by Lingard), elephants in Burmah 
are also affected by the disease. 

The disease closely resembles nagana, in being a kind of per- 
nicious aruemia, with remittent or intermittent fever, wasting (.in 
spite of a healthy appetite), (edema of the limbs and belly, frequent 
lesions of the eyc^s and eyelids, gn^at muscular weakness, and 
terminal paresis. In horses the disease lasts from one to two 
months, sometimes less ; in the camel it may run a similarly rapid 
course, but usually it lasts three years, whence the name Tibarsa,^ 
which means three years, given to the disease in camels in some 
parts of the Punjab. 

Cattle in India are resistant as a rule, and for a long time this 
was looked upon as the most important difference between surra 
and nagana. In Mauritius, where the disease has recently been 
introduced from India, the mortality amongst cattle has been 
considerable. 

Section 1 . — Historical. Geographical Distribution of the Disease. 

In 1880 Griffith Evans,® working in Dcra Ismail Khan (Punjab), 
near the Indus, discovered in the blood of horses, mules, and camels 
affected with surra a filiform, very motile organism, which at first he 
took to be a spirillum. He soon recognised, however, as did Lewis, 
who had just discovered the flagellate of the blood of rats, the 
animal nature of the parasite. He concluded that the characteristic 

‘ [See Pease, ‘ Tibarsa Surra,* in Journ, Trop. Vet, Sc., v. i, 1906.] 

^ G. Evan 5 , ‘ Report on Surra,* published by the Punjab Government, Military 
Department, December 3, 1880. 
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parasite found by him in the blood was the immediate cause of surra. 
By means of subcutaneous inoculation of blood he succeeded in 
giving the disease to the dog and horse. 

J. H. Steel, ^ in 1885, found the same organism in the blood of 
transport mules in British Burmah. He regarded it as allied to the 
parasite of relapsing fever, and called it Spiroclueta evansi. He trans- 
mitted the disease to the monkey (Macacits) and dog. 

Crookshank,- in London, examined films of camel’s blood sent to 
him by Evans, and described the chief characteristics of the parasite 
— the undulating membrane, its relation to the flagellum, etc. 

This haemato; 500 n is now universally known as the Trypanosoma 
evansi (Steel). 

The discovery of Evans and Steel was soon confirmed by a 
number of medical and veterinary practitioners in India — Vandyke 
Carter, Gunn, C. E. Nuttall, etc., and especially Lingard.'^ 

Since then the name surra could be used in a fully specific sense, 
and at the same time it was necessary to widen its meaning so as to 
include all the pathological conditions produced by the ha*niatozoon 
of Evans in different species of animals. 

From investigations made during the past twenty years in India 
and Biirmah, and which are summarized in Lingard’s various 
Reports published from 1893 to 1899, it appears that under the 
heading surra must be included a large number of diseases bearing 
different names, according to the district in which they occur, the 
particular species of animal affected, and the most prominent 
S3'mptoin.‘* 

[Until it was demonstrated by Vallce, Panisset, and Laveran 
that mbori, the trypanosomiasis of dromedaries in the Sudan, first 
described by Cazalbou, is merely a variety of surra, this disease 
was not known to occur on the continent of Africa. Further investi- 
gations may show that many of the other trypanosome epizootics 
described in various parts of Africa (sec Chapter VI., Part II.) are 
true surra, or members of the ‘surra’ group of diseases. Novy, 
McNeal, and Hare,*^ in their paper on ‘ The Cultivation of the Surra 

^ J. n. Steel, Report on his investigation into an obscure and fatal disease 
among transport mules in liritish Hiirmah, 1885. 

“ Crookshank, ‘ Flagellated Protozoa in the Blood of Diseased «ind Apparently 
Healthy Animals,* Journ. of the Roy, Micros, Soc.^ December, 1886, plati 17. 
Crookshank classed the parasite of surra with the Hicniatomonas (flagellates in 
the blood of fishes) of Mitrophanov ; the only mistake he made was to place the 
genus Hcemaiomonas in another genus of Flagellata, Trichomonas, Osier {Brit, 
Med, Journ,^ March 12, 1887) reintroduced the genus IRcmatonwnas j lastly, 
Balbiani {Journ. tie Micrographie,^ 1888, p. 399) adopted the old generic name of 
Gruby, Trypanosoma, 

H. Vandj'ke Carter, ‘ Scientific Memoirs by Medical Officers of the Army 
of India, 1887,* Calcutta, *888. Alfred Lingard, ‘ Report on Horse Surra,’ v. i, 
Bombay, 1893. Summary of * Further Re})ort on Surra,’ Bombay, 1894. Ibid,^ 
* 095* Annual Report of the Imperial Bacteriologist for the official year 1895-1896, 
Report on ‘ Surra in Equincs, Buffaloes, and Canines, etc. v. 2, Bombay, 1 899. 

Consult p. I of Lingard’s last Report in this connection. 

® [Novy, McNeal, and Hare,/t?«r/r. of the Amcr, Med, Assoc., May 28, 1904.] 
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Trypanosome of the Philippines,’ even go so far as to suggest, on 
morphological grounds alone, that the Mauritian and Philippine 
trypanosomes are probably distinct species.] 

In 1886 Blanchard,^ in Tonkin, recorded an epizootic among 
mules, due, in all probability, to T. cvansu 

In recent years surra has been observed in nearly all parts of 
P^rench Indo-China (1901-1903), in the Dutch East Indies (since 
1899), in the Philippines (1901), in Mauritius (1902), [in Hong Kong ' 
{I 905 )> and in Perak,'* Federated Malay States (1905)]. The in- 
vestigations and experiments made in these different countries have 
materially increased our exact knowledge of this deadly epizootic. 

As regards India and the countries bordering upon it, Lingard’s 
last Report (1899) contains detailed information concerning the 
geographical distribution of surra, which we shall summarize briefly. 
The disease occurs in twenty-two out of thirty -one districts of the 
Punjab, in the North-West Provinces, in Kurnaon (in the Himalayas), 
in the north-east part of the district of Jalpaiguri (Bengal), in Kaj- 
putana, and in the Bombay Presidency. In other words, nearly the 
whole of Northern India is affected, and through Kajputana the 
disease reaches as far west as Bombay. The Dekkan is almost 
immune. Lingard records an outbreak in 1893 at Secunderabad 
(Hyderabad). According to information supplied to us by Drs. 
Donovan and Gouzien, the disease is unknown in the neighbourhood 
of Madras and of the P'rench possessions in the south-east of India * 
(Pondicherry). 

Outside India the disease is found in Persia, according to Haig 
(quoted by Lingard). It certainly occurs along the shores of the 
Persian Gulf, because trypanosomes have been found in horses 
imported into Bombay from those parts. 

Nearly the whole of British Burrnah, Manipur, and Assam arc 
infected, Steel’s original observations having been made at Rangoon 
and Taunghu. The same is true of the countries bordering on 
China — the Shan Provinces (Lingard) and Yunnan (Blin). We 
have no idea of the extent of this epizootic in China, but there arc 
reasons for thinking that the disease of ponies and cattle recorded by 
W. G. Campbell in Korea (quoted by Lingard) is really surra, 
although microscopical confirmation is still lacking. [Gibson has 
recorded a case of unsuspected trypanosomiasis in a Chinese buffalo, 
which was brought to the abattoir in Hong Kong from the neigh- 
bourhood of Kowloon (see p. 258).] 

In French Indo-China surra is not unknown. Blanchard observed 
it amongst the mules imported into Tonkin, and now the disease is 
endemic in that region. 

’ See Mollereau, Bull. Soc. centrale med. December 30, 18S8, p. 694. 

- [Gibson, Comp. Path, and Therap.^ v. j 8, 1905, pp. 79, 80. j 

* [Leicester, in Report of British Resident- Cieneral for the Federated Malay 
States, 1905.] . . If 

^ I'onovan 'has, however, seen trypanosomes resembling T. cvansi in a caJr 
from the neighbourhood of Madras (private communication). 
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From information obtained by Blin and Carougeau, veterinary 
surgeons at the Pasteur Institute in Nha-Trang(Annam), the regions 
most affected are Laos, Upper Tonkin, and Annam (especially in the 
neighbourhood of Nha-Trang). Horses and dogs — particularly 
European dogs — are affected, and in certain districts this epizootic 
is so widespread that horse-rearing is impossible. It is said to be 
propagated by horse - flies (?). The experimental investigations 
made by Carougeau at Nha-trang,^and the examination of specimens 
of the blood of infected animals (horses and dogs) which he sent us 
on two occasions, clearly demonstrate the nature of this epizootic of 
Indo-China. 

[Recent investigations have shown that trypanosomiasis is 
present in practically all provinces of French Indo-China in endemic 
form, and that from time to time it becomes epidemic. Vassal- has 
made an extended study of the trypanosomiasis of horses in Annam, 
and has met with epizootics at Nha-trang, Khan-hoa, Vinh, and 
other places in Annam. Vassal states that every year there is a 
great mortality amongst the horses in the Laos district. Recently 
the districts of Vientiane, Muong-Sieng, Luang - Prabang, and 
Muong-Sau have been visited by the epizootic, which has spread to 
the adjacent Siamese provinces. The natives have for a long time 
noticed that the horse-flies are always very abundant at the height of 
the epizootic. Yersirr* thinks that Laos is an important endemic 
focus of the disease. At Yen- Lay, in the province of Ninh-Binh, 
Bodin^ came across several cases of the disease. Several foci of this 
equine epizootic have been met with in Tonkin by Lepinte and by 
Seguin (at Hanoi, Vietri, and Bac-Kan).] 

Further south the disease also occurs, for recently a trypanosome 
epizootic in horses has been observed at Hatien, a seaport on the 
borders of Cochin-China and Cambodia.'*’ [In 1905 Brau, Saint- 
Sernin, and Mutin-Boudet^‘ proved microscopically the presence of 
surra in horses in Saigon, which had already been suspected by the 
veterinary officers Blin^ and Chaptal.^ It appears that the cases 
were always sporadic, coming either from Annam or from a focus at 
Cape St. Jacques and environs (Cochin-China).] 

The accompanying map (Fig. 29), showing the distribution of 


^ Carougeau, Bu//. Soc. ccniralc mtuL vetcr,^ June 30, 1901, p. 295. 

" [J* J- Vassal, Ann, Inst. Pnst., v. 20, 1906, pp. 256-295.] 

‘ I Versin, />*«//. econom, dc Undo-Chine^ No. 27, 1904, and Ann, Inst, Past,, 

1904.] 

I [Bodin, Bulletin Iconomigue, No. 46, October, 1905.] 

KerniorgJint, But/. Aead. Afedcdne^ v. 50, November 3, 1903, p. 262. Montel, 
Ann, dHyg, et de Med, colon,^ 1904, v. 7, p. 219. The presence of the trypano- 
some of surra in the blood of animals suffering from this disease was established 
by one of us. 


, ’'[Brau, Saint-Sernin, and Mutin-Boudet, Bull, Chtunbre tf Aji^riculture de 
^^chhichinc^ ninth year, February 10, 1906, pp. 39-50. Abstract by Mcsnil in Bull, 

/W. /W.,y.4, 1906, p. 674.] 

IBlin, Rev, gen. mdd, 1903, L, p. 213.] 

^ LChaptol, Rapport au Lieut. -Gouverneur dc la Cochinchine, August 0, 1905, 
t^iilL Chambre d AgriculturCy No. 8, August, 1905.] 
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surra in Asia, is borrowed, so far as India is concerned, from the 
R. A. M.C. Journal for January, 1904. 

In the Dutch East Indies surra was first observed among the 
Equidae and buffaloes (var. Karbonw^) of the districts Samarang and 
Rembang, in Java. It appears to be spreading, for Schaf^ records it 
in the interior of Java (in Kediri and Soerabaya), where in igoi an 
epizootic attacked cattle and buffaloes. Owing to the energetic 
measures taken — the slaughter or isolation of infected animals and 
protection against the bites of flies — the outbreak has been checked, 



Fig. 29. — Map showing thk Distkibution of Sukra in India and Indo-China. 

The areas in which the disease is endemic are marked with a -f ; those in which it has 
been observed only sporadically or as a temporary epizootic are marked with an O. 


and it will doubtless be possible to prevent it from establishing itself 
in that region. In Sumatra a spontaneous infection of horses appears 
to have been seen by Vrijburg, veterinary officer at Deli.* 

[Probably the epizootic of surra in Perak, investigated by 
Leicester in 1905, was imported from Sumatra.] 

^ Penning, Veeartsenijk, Bladen v, Ned. Indii\ v. 12 and 13, 1899 ^^'d 1900. 

2 Schat, paf^r published in 1902 in the Archives de V Industrie sucrihe a 
Jtwa^ We are indebted to M. Van Kcuth and Dr, L. Vincent for the translation 
of this paper, which is in Dutch. 

^ Vrijburg, Veeartsenijk. Bladen v. Ned. Indie, v. 13, quoted by de Does, 
Geneesk. Tijdschr. v. Ned, Indie, v. 41, 1901. 
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Since September, 1901, surra has been known in the Philippines, 
and its presence there induced the Bureau of Animal Industry at 
Washington to publish in its Bulletin, No 42 (1902), an ‘ Emergency 
Report on Surra,’ by Salmon and Stiles, containing a summary of 
the publications on trypanosomes in general, and on surra in par- 
ticular. In their work Salmon and Stiles reproduce the reports of 
the veterinary officer Sice, and of Drs. Allen Smith and Kinyoun. 
Discovered first among the horses in Manila, it was soon recognised 
that the epizootic occurred throughout the island of Luzon. Accord- 
ing to Curry, it also attacked buffaloes (var. Kcrabciii). Musgrave and 
Williamson have given a detailed account of the disease in horses.^ 
They consider that the instances of infection seen by Curry in 
buflFalocs were exceptional, and that no importance need be attached 
to them. 

It is by no means certain how the disease originated. Salmon 
and Stiles incline to a recent importation of the disease. They 
think that Anglo-Indian troops carried it fron\ India to China, and 
the Americans from China to Luzon. On the other hand, the 
medical and veterinary officers who have studied the disease on the 
spot are of opinion that the disease existed in the Philippines before 
the American occupation, and that it was known there among horses 
under the name of Calcnitira. The report by Maus,'^ dated Septem- 
ber, 190T, is almost conclusive on this point. He describes what is 
evidently the trypanosome of the blood of horses suffering from 
ealentnra under the name of Spirillum, without suspecting that he 
had before him a flagellated Protozoon, which was the parasite of a 
well-known group of diseases. 

In their recent work Musgrave and Williamson state that surra 
could not have existed in the Philippines before May, 1901. Their 
inquiries lead them to suspect that Australian horses imported the 
disease. We may remark here, however, that the presence of surra 
in Australia has not yet been proved. Musgrave and Clegg have 
published an important work upon the epizootic of surra in the 
Philippines. 

In Mauritius a trypanosome epizootic amongst horses and cattle 
was recorded during 1902, at the beginning of the sugar-growing 
season. Already, in June, 1902, according to the veterinary officer 
Deixonne, the mortality was appalling, the majority of the draught 
animals having succumbed.** 


’ Musgrave and Williamson, lU'o/og', Labonifory, 1903, No. 3. IMusgrave 
and Clegg, ‘ 'rrypanosonui and Trypanosomiasis, with Special Reference to Surra 
m the IMiilippine Islands.* Department of the Interior, Laboratory, No. 5, 

Manila, 1903. 

Summarized in a leading article in Nc^v York Med, Jouni,^ February 8, 1902. 

■ On the subject of the epizootic in Mauritius consult : kaveran, Acad, de Mdd,, 
October 28, 1902 ; Edington’s Reports of Augusts, 14, and 18, T902; Report of 
I ^ ^*^^umittee of Inquiry to Study the Steps to be taken to stop the Progress of 
M 1 *^ Mauritius, 1903 ; Vassal, ‘Sur le Surra de Maurice,^ Jour n. off. dc 

Madagascar, June 27, 1903. We have also utilized the information contained in 
letters sent to one of us by Dr. A. Lesur and by M. Deixonne, veterinary officer in 
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Dr. A. Lesur wrote to one of us on June 27, 1902, as follows : 

• Surra has been prevalent in Mauritius since the end of last year. 
The markets of Madagascar, which have always furnished the colony 
with its oxen for transport and for food, having been practically 
closed to us on account of the competition of the English military 
authorities during the Transvaal War, our traders thought it would 
pay them better to import cattle from India. A cargo of them 
arrived in September, 1901, but a number of the animals having died 
during the voyage, the vessel was put in quarantine. The mortality 
continuing, the sanitary authority ordered post-mortems, which, 
however, did not reveal the cause of death. Vague and general 
exi)lanations were deemed sufficient, and the animals were allowed 
to land. Nevertheless, the animals went on dying in the stalls 
where they were kept under observation, and the cause of death 
remained as obscure as ever. Finally, the animals which survived 
were sent to their consignees, who placed them in a district in the 
north of the island, where they became a centre of infection, which 
gradually spread. At the })rcsent time practically the whole of the 
island is infected. 

‘ The epizootic at first appeared to be almost exclusively confined 
to oxen ; then it attacked mules, donkeys, and horses, without, how- 
ever, in any way diminishing its ravages upon cattle. The destruc- 
tion of draught animals has gone on to such an extent that farmers 
are anxiously asking themselves whether they will be able to gather 
in the harvest. It is true we have already begun to import fresh 
animals — healthy ones this time — hut as there is no law compelling 
the owners of sick animals to slaughter them, we are providing 
fresh material which will serve to perpetuate the epizootic. 

* The nature of the disease was quite misunderstood at the 
outset, which is due to the fact that the veterinary officers in 
Mauritius had never seen cases of surra. The diagnosis usually 
made was gastro-enteritis, due to bad feeding. 

‘ Last March my brother. Dr. Aime Lesur, at the request of a 
friend whose stable was ravaged by the disease, examined the blood 
of sick mules microscopically, and found numerous trypanosomes 
present. Afterwards he also found them in the blood of cattle. 
Some weeks later, when the disease reached the district in which 
I live, I had the opportunit)' of making similar observations. . . 

Since then the ruin has become comjdete. On January 29, 1903, 
M. Deixonne wrote to us that the horses and mules had practically 
all disappeared. At Port Louis it had become necessary to hand 
over the work of scavenging to prisoners, who, under the supervision 
of policemen, were used to pull the carts. 

From July to October, 1902, the death of 1,882 solipedcs and 
1,681 cattle was recorded in Mauritius (Vassal). 

The introduction of the epizootic into Mauritius by cattle from 
India has been questioned by Edington, but it is i)roved that sick 
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animals coming from India were imported into Mauritius towards 
the end of 1901, and the arguments which have been adduced to 
show that surra was endemic in Mauritius before that time are quite 
inconclusive. The exceptional severity of the disease in the island 
is distinctly in favour of the idea of importation, for epidemic or 
epizootic diseases usually spread more rapidly, and are more severe 
in districts previously immune than they are in their endemic foci. 

In 1901 Vassal observed an isolated case of surra in Reunion, in 
a cow which was vaccinated against cattle plague by Turner and 
Kolle’s method in August, 1901, and which died on September 20, 

‘ with very many trypanosomes in its blood, spleen, and kidneys.’^ 
Although from that time Vassal was always on the look-out for surra, 
he never came across another case. The origin of this isolated case 
remains a mystery, because the cow, Dr. Vassal told us, was born at 
St. Denis, in Reunion. 

M. Deixonne was good enough to send us, through Dr. Vassal, 
living trypanosomes from animals with the Mauritian epizootic. We 
have consequently been able to study the disease in other animals. 

The epizootic in Mauritius, after a period of quiescence during 
the last six months of 190J, showed a marked renewal of activity in 
February, 1904.- 

[Further information concerning the Mauritian epizootic is given by 
Edinglon and Coutts-^ and by Manders.^ Edington states in his report 
(p. 59) that during the year 1903 information had been received from 
Mauritius to the effect that some of the diseased animals had completely 
recovered, and were doing good work ; also that two oxen inoculated by 
him shortly after his return from Mauritius had completely recovered 
from the disease. Their blood w^as no longer infective, and the oxen 
were completely immune, ‘as even after a large inoculation into the vein 
the blood is not found to be infective when tested by inoculation into 
susceptible animals.’J 

[Manders states that the greatest mortality occurs during the months 
when Stomoxys geniciilatus, De Bogot — the almost certain carrier of the 
disease in Mauritius — is most abundant. The local authorities now order 
the killing of any horse, ass, or mule certified by a veterinary surgeon to 
have surra, but cattle as a rule are isolated. In 1904, 283 solipedes and 
24 bovines were slaughtered l)y order of the Medical and Health Depart- 
ment. Between January and April, 1905, 228 solipedes were slaughtered, 
but no bovines.] 

[The latest accounts"' of the Mauritian epizootic show that cattle are 
quite as susceptible as horses and mules. In 1903, 2,251 cattle and 
9^5 solipedes died of the disease ; iu 1904, 260 cattle and 823 solipedes.] 

^ Vassal, Rennie agricok de la Reunion^ December, 1901. 

^ Letter from M. Deixonne, dated Mauritius, February 11, 1904. 

[A. Edinglon and J. M. Coutts, Report of the Director of the Government 
Bacteriological Institute, Graharnstown, for the year 1903, pp. 58-61. Cape Town, 

1904.1 

* [N. Manders, R.AM.C. /ourn., v. 5, 1905, pp. 623-626]. 

^ [Annual Report of the Medical and Health Department for 1904, Port Louis, 
June 29, 1905, quoted from Vassal.] 
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Section 2.— Animals Susceptible to Surra. Symptoms and 
Course of the Disease in Horses, Cattle, Dogs, etc. 

Like nagana, surra is inoculable into most mammals,^ but the 
disease occurs naturally only in the Kquida', Bovidas, Camelidse, and, 
more rarely, in dogs. We shall first study the symptoms and course 
of the disease in these animals, and afterwards consider the animal 
species in which surra is known only as an experimental disease. 

Eyuii)^. — The horse, mule, and donkey are very susceptible to 
surra. In certain parts of India surra frequently gives rise to serious 
epizootics amongst horses. In 1890 forty ponies died of the disease 
at Katgodam, while fifty more died from 1891 to 1S93. In 1893 



Fig, 30.— THMrERATUiiE Chart of a TIoksk which died of Surra duri.ng the 

T’-rizooTic j.N Mauritius. 

[The normal temperature of tlie horse varies from y8'.| ' 10 102' F (37' to 3(/' C.).] 


there was an outbreak in the stables between Saharanpore and 
Mussooric. Xhere liave been several outbreaks of surra among the 
horses in Sind. 

The first symptom of the natural disease is a rise of temperature. 
After experimental inoculation, either subcutaneous or intravenous, 
Lingard > fonnd that the incubation period varies from four to 
thirteen days. In a certain number of cases the rise of temperature 
is soon follow'ed by an urticarial eruption. Petechial hannorrhages 
on the mucous surfaces — particularly of the nictitating membrane — 
running from the eyes, and cedema also occur. The animal is 
dejected and shows marked loss of strength, but, as a rule, the 
appetite is good. The mucous membranes become very pale, and 
later on yellowish in colour. Anaemia is constant and progressive ; 
there is an increase in the number of the leucocytes except of the 

1 The disease does not appear to be transmissible to man, Schat pricked him- 
self several tiihcs, with impunity, with needles which had been used to draw blood 
from animals infected with surra. Birds are refractory (Lingard, Penning). 
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eosinophiles, which are diminished in number. The red corpuscles 
no longer run in rouleaux, and are deficient in hsemoglobin. Fever is 
remittent, or may be more or less regularly intermittent, the periods 
of intermission lasting from one to six days. 

Contrary to what is usually the case in nagana, trypanosomes 
are not constantly present on microscopical examination of the blood, 
as Lingard has frequently observed. At first very scanty in the 
blood, they increase in number more or less rapidly until they reach 
a maximum, rarely exceeding 400 per cubic millimetre, but they 
may be as numerous as 350,000 per cubic millimetre. Then they 
diminish in number, increase again, and so on alternately. They 
may be absent from the blood for one to six consecutive days, and 
these periods coincide exactly with the apyretic intervals. 

Death invariably occurs, but at a varying time after the onset of 
the disease. Steel gives fifty-two days for the duration of the disease 
in the horse, thirty in the pony. [But Pease {loc, cii.), experimenting 
with the camel trypanosome in India, found that ponies lived three 
to four months after inoculation, and that some native ponies even 
recovered from the infection.] 

Of 35 horses experimentally infected by Lingard, 9 died in less 
than 6 days, 25 in from 6 to 45 days, and i in 56 days, after the first 
appearance of trypanosomes in the blood. Of 76 horses which con- 
tracted the disease spontaneously, 4 died in less than 6 days, 63 in 
from 6 to 55 days, and 9 in from 55 to no days, after the first 
appearance of trypanosomes in the blood. 

[An Arab stallion, which had been in hospital for three months 
with a spontaneous infection of dourine, was inoculated by Pease^ 
with the virus of surra. This virus had been passed for some time 
through rabbits and dogs, and was rather attenuated. The horse 
was inoculated by scratching the nose and rubbing in some infective 
blood. The diseases, dourine and surra, ran their courses con- 
currently ; the characteristic plaques of the former disease appeared 
from time to time, and the surra trypanosomes were present in the 
blood, with intermissions of two or three to five or six days. The 
horse became very weak, and was killed three months after the 
inoculation with surra.] 

[Thomas and Breinl,*^ experimenting with the Mauritian strain of 
surra which they obtained from Laveran, injected a horse sub- 
cutaneously with the blood of an infected rat. The incubation 
period was four days. The temperature rose on the fifth day, and 
the trypanosomes rapidly increased in numbers. The horse ate little 
‘'ind stood wath its head hanging down. The parasites increased to 
4O1OO0 per cubic millimetre. There was rapid anaimia, the hzemo- 
globin falling from 95 to 63 per cent., but no great change was 

I Ve/./ourn., v. 9, 1904, p. i87-] 

“ [Thomas and Brcinl, Thompson Yafes and Johnston Lab, Reports^ v. 6, 
2, 1905, pp. 56, 65. The duration of the disease is not stated.] 
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observed in the numbers of the red and white corpuscles. A 
temporary improvement followed on injections of atoxyl, the para- 
sites diminishing in number, the haemoglobin increasing, and the 
animal gaining in weight for a time. The horse died in spite of 
treatment, and post-mortem all the organs were anaemic, but no 
other characteristic lesions were found.] 

The average duration of the disease in the mule appears to be 
only nineteen days (Steel). 

Lingard infected a donkey by subcutaneous inoculation. The 
incubation period was three and a half days, and the disease lasted 
nine days. 

During the Mauritius outbreak the mortality from surra amongst 
the horses and mules was lOO per cent. In some of the agricultural 
districts all the horses, mules, and donkeys were carried off by the 
disease. 



Fig. 31. — Temperature Chart of a Horse which died of Surra during thi: 

Mauritian Epizootic. 

In a letter dated June 27, 1902, Dr. Alfred Lesur describes the 
symptoms observed in Equid^e during the epizootic in Mauritius in 
the following words : 

^The onset of the disease is insidious. The first noticeable 
symptom is a change in the gait. The animal no longer exhibits 
its customary vigour, but is slow at its work and appears to be lazy- 
This is often accompanied by a loss of appetite, but this is not a 
constant symptom. 

* Fever soon makes its appearance, the temperature often rising 
to 41° C. [106° F.], or even higher. A certain number of animals 
die at this stage, but they are the minority. In the others the 
temperature, after oscillating at this high level for two or three days, 
fells spontaneously, or as the result of treatment. Fresh rises of 
temperature occur at intervals of four, five, nine, or ten days. 

‘ Shortly after the onset of fever large oedematous swellings 
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appear on the chest, hypogastrium, and in the male very often in 
the sheath. On incising these swellings a small quantity of fluid 
escapes, in which many trypanosomes are found. These swellings 
may disappear and reappear again during the course of the disease. 

* Anaemia rapidly supervenes and becomes very profound. The 
conjunct ivse are exsanguine, and the buccal mucous membrane has 
an ivory-white colour. 

‘ At this stage of the disease the animal has lost its appetite, is 
very feeble, and easily falls in its stable, often never to rise again, 

* Death may occur very suddenly in the first stage of the disease ; 
and, indeed, many animals which were not apparently ill, and which 
were still working, died in this way. 

‘Trypanosomes in appreciable numbers are present only for a 
short time and intermittently in the peripheral blood. For example, 
an animal which showed many parasites in its blood on a Tiiesdaj' 
did not show a single one on the following Saturday. This disap- 
pf^arance of the parasites, which may be only apparent, docs not 
cuincido with any improvement in the animal’s condition.’ ^ 

Dr. Lesur kindly sent us temperature charts (Figs. 30 and 31 
are reproductions of two of them) which show the characteristic 
rises of temperature occurring in surra. 

lloviD.i:, Bui'FAi-OES. — Bovines arc much more resistant than 
e<|uincs. Lingard infected oxen by inoculating them witli blood, 
but they all survived and had very few symptoms. There is swelling 
at the site of inoculation. As a rule, the temperature rises at the 
onset of the infection, and from time to time other rises may occur. 
The parasites are visible in the blood only from the fourth to the 
tenth day after inoculation, rarely later. But the blood remains 
infective for the guinea-pig for a very long time. In one case it was 
infective 163 days after inoculation, but was no longer so on the 
234th day. The animal recovers after having wasted very con- 
sidcrabl}'. These observations of Lingard have been confirmed by 
Rogers. A second inoculation is not followed by any symptoms ; 
in one case a single trypanosome (giant form) was seen under the 
microscope six days later. Subsequent inoculations into guinea-pigs 
were negative ; the animal, therefore, had become immunized by 
recovering from the first attack of the disease. 

Vrijburg, in Sumatra, has confirmed this observation in the case 
of the zebu. 

Steel regards the ox as refractory simply from the microscopical 
examination of the blood ; nevertheless, the ox inoculated by him 
showed rises of temperature, the first of which was particularly 
marked a few days after inoculation. 

Lingard has studied the disease as it occurs naturally among oxen 
'n India. Recovery is the rule, but the animals pass through a stage 

' Private communication from Dr. A. Lesur ; see Laveran, Acad, de M^d.y 
October 28, 1902. 
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of extreme emaciation. The blood is rich in trypanosomes during 
the febrile paroxysms. 

Lingard has demonstrated the relatively great susceptibility of 
the buffalo. In two buffaloes the incubation period was five days. 
One animal died in 123 days, after twelve febrile paroxysms, with 
marked emaciation, in spite of a voracious appetite right to the end ; 
the second buffalo died in 51 days. 

[Two buffaloes inoculated by Pease with the camel trypanosome 
died, very wasted, in 120 and 46 days ; a third was alive more than 
two years after infection, but its blood was still infective on inocu- 
lation into dogs. Pease found that the camel trypanosome, which at 
first killed dogs in from 63 to 288 days, became more virulent for 
dogs (killing them in 52 to 99 days) after passage through the 
buffalo. He is of opinion that in India the buffalo plays an important 
part in the transmission of surra.] 

Penning (loc. cit., second paper) has described in detail the out- 
breaks of surra among the buffaloes at Samarang and Rembang 
(Java). The disease usually runs a chronic course, but in some 
cases death occurs suddenly. The usual symptoms are gradual 
wasting, small oscillations of temperature, and muco-purulent in- 
flammation of the cornea, eyelids, and nose. Some animals also 
have oedematous swellings, especially of the abdomen. 

[In Hong Kong, Gibson^ found numerous trypanosomes in a 
blood-film of a Chinese buffalo, which died suddenly in the abattoir 
into which it had been brought the f)revious day apparently in good 
health. These small buffaloes, which are slaughtered for food, are 
brought to Hong Kong from the mainland of China, twenty or thirty 
miles from Kowloon.'^] 

[Shortly afterwards trypanosomes were found in a sick dog 
belonging to the inspector of the abattoir. These trypanosomes 
were pathogenic for dogs and guinea-pigs, but none of the latter 
died. According to Gibson, the trypanosome is morphologically 
indistinguishable from T. evansu] 

During the epizootic in Mauritius the mortality amongst cattle 
was rarely more than 25 to 30 per cent., whilst in equines it was 
100 per cent. (Deixonne). Animals which are well nourished and 
which are not made to do hard work live much longer than those 
which are badly nourished and overworked. In Mauritius the 
animals kept solely for breeding purposes enjoyed almost complete 
immunity from the disease, whereas in certain districts the mortality 
amongst cattle made to do hard work was from 75 to 80 per cent. Over- 
worked oxen when they become infected die of anaemia rather than of 
surra, for the injection of their blood in the last stage of the disease 
into susceptible animals often gives negative results (Deixonne). 

* [Gibson, Comp, Path, and Therap,^ v. 18, 1905, p. 79.] , , 

* [Personal communication from Dr. Bel^of the Government Civil Hospital, 
Hong Kong.] 
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In Mauritius the symptoms of surra in cattle were as a rule much 
less constant and less marked than in equines. Frequently the only 
sign of the disease was the periodical febrile paroxysm, which passed 
unnoticed if the animals* temperatures were not taken. 

Trypanosomes are scanty in the blood, and as a rule they are not 
seen on microscopical examination, so that it is necessary to inoculate 
susceptible animals in order to make certain of the diagnosis. 

Sometimes, however, the disease in cattle may be very grave and 
run a very rapid course. During the epizootic in Java these grave 
forms, accompanied by complications, were particularly frequent. 
The following summary is from Dr. Schat’s account of the epizootic : 
The respiration and pulse rates are greatly accelerated, the tempera- 
ture rises to 40° or 40*5® C. [104® to 105° F.], the nostrils are dry, 
and the eyes watery, with intense redness of the conjunctivas. There 
IS a pustular eruption, with the formation of scabs and small super- 
ficial abscesses in different parts of the body, particularly on the 
neck, belly, and hind-legs. The buccal mucous membrane is covered 
with red patches, and the animal loses its appetite. There is almost 
constant diarrhoea, the dejecta consisting of reddish matter mixed 
with undigested food. In less severe cases the excreta are greenish- 
yellow in colour, without any trace of blood. 

In one ox there was actual sweating of blood : minute droplets 
of blood were seen rising up on the surface of the skin, without 
any traces of pricking or stinging by insects. In other cattle there 
were hiemorrhages from the nostrils and ears, or an abundant 
discharge of greenish lluid from the nose. 

In the severe infections the animals died in twenty-four hours 
after the first appearance of symptoms^ ; in other cases the disease w^as 
prolonged for three or four weeks, and it might then end in recovery. 

The oxen known as Madoerecschc were less often attacked than the 
pure-bred Javanese oxen, and when they were attacked by the 
disease they were more resistant than the latter. 

Trypanosomes have been found in apparently healthy animals, 
so that the disease may exist in a latent form. Schat sometimes 
found numerous trypanosomes in the blood of cattle. In the paper 
by Musgrave and Clegg previously mentioned there are interesting 
details of the course of surra in cattle during the outbreak in the 
Philippines. One ox died in tw^enty-four days. . 

Several bovines were inoculated with surra by Nocard and 
Vallee at Alfort, one of the animals dying of the disease. Fig. 32 
gives the course of the temperature in a calf which w^as inoculated 
with surra on July 4, 1903, by Vallee. The animal never showed 
^ny symptoms, but in February, 1904, its blood was still virulent, 
and the calf was still alive in May, 1904. 

f * mean that the trypanosome of surra can kill cattle in twenty- 

our hours, or even in several days, but that the disease which has been latent 
may suddenly manifest itself by rapidly fatal symptoms. 
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[Vallee and Panisset,’ who continued the observations upon these 
animals at Alfort, state that at the end of a year trypanosomes could no 
. longer be found in the blood ; and the two animals (Breton calves) were 

[Laveran and Mesnil, C. Acad. Sciences, v. 140, 1905, p. 831 ; see note by 
Valine and Panisset on p, 833.] 
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reinoculated with the same virus on July 19, 1904. No infection followed, 
thus showing that the calves had acquired immunity against Mauritian 
surra. Two inoculations with the virus of mbori, made on August 8 and 
September 19, 1904, were equally unsuccessful.]^ 

[On December 15, 1904, the two calves were inoculated with the 
Indian strain of surra, and at the same time a normal Breton cow was 
inoculated as a control, lilood taken on December 23 and 30 from the 
control cow was infective for mice and guinea-pigs in very small doses, 
whereas that of the two calves was not infective, even in large doses. On 
January 18, 1905, 100 c.c. of blood were taken from each calf, and 50 c.c. 
injected at once intraperitoneally into dogs. All four animals so injected 
were still free from trypanosomes two months later. The control cow had 
a severe infection, to which she nearly succumbed, and her blood was still 
infective in March, 1905.] 

[‘ This experiment establishes indisputably the identity of Indian and 
Mauritian surra * (Vallee and Panisset).] 

[An ox was inoculated by Kdington and Coutts with the Mauritian 
virus on September 4, 1902. Between that date and November 2, 1903, 
it received seven other injections of virulent blood. The ox had become 
immunized. Kats inoculated with blood of this ox on November 3 and 5, 
1903, did not become infected, whereas some months previously the blood 
of the ox produced a fatal infection in dogs.] 

Camkls. — According to Lingard, the symptoms of the spon- 
taneous disease in canids are: fever, swellings — of the chest, of the 
sheath, and scrotum in males, and of the breasts in females — which 
may suppurate and contain much pus, and progressive anaemia and 
wasting, in spite of a good aj>pctite. The trypanosome is found in 
the blood only during the febrile paroxysms, when the temperature 
may be as high as 41^ C. [105*8° !'.]• There would appear to be a 
small percentage of recoveries when the disease has lasted more than 
three years. 

Elkpiiants. — The occurrence of surra in elephants in India 
and Burmah is practically proved. In this connection we have only 
the statement of G. H. Evans, reproduced by Lingard (Summary of 
Further Report, 1894), that in 1893 fourteen out of thirty-two 
elephants died of the disease in Burmah. In his Annual Report for 
1895-1896 Lingard incidentally mentions the trypanosomes of the 
elephant, as if he had seen them. It is, however, doubtful whether 
the elephant is to be included in the category of animals in which 
surra runs an invariably fatal course. 

Dogs. — Surra has often been seen as a natural disease in the dog. 
Lingard records, in his various reports, the occurrence of epizootics 
of surra among sporting dogs introduced from England. He 
observed outbreaks in the island of Bombay, and in other parts of 
the Bombay Presidency. He quotes the opinion of Evans that surra 
occurs among the dogs at Mandalay, and that of H. T. Pease, that 
it occurs among the dogs in the district of Karnal, in the Punjab. 

In 1891 a disease which appears to have been allied to surra was 


^ [Valldeand Panisset, C. R. Acad. Sciences^ v. 139, 1904, p. 901.] 
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prevalent among several packs of hounds in Bombay. In 1893 
Lingard^ saw an outbreak of surra among English foxhounds. 

The following are the principal symptoms noted : Elevations of 
temperature, anorexia, oedema of the head and throat, injection of 
the conjunctivae, and, in some cases, effusion into the joints, and 
corneal opacity leading to partial or total blindness. During the 
febrile paroxysms trypanosomes arc found in the blood on micro- 
scopical examination. 

We have already mentioned that spontaneous cases of surra in dogs 
have been reported in Indo-China [and Hong Kong^]. During the 
epidemic in Mauritius a certain number of dogs died of surra. We 
shall refer to this again later. It seems that the mode of infection in 



Fig. 33.— Temi'ekaturk Chart of Dog No. 4, inoculatki:> Intravenously with 

Surra, 

O means absence of trypanosomes on microscopical examination; +, trypanosomes 
present, but scanty; 4 +, fairly numerous; , numerous or very numerous; 
►p, means death. 

dogs is not the same as in horses and cattle, which would account 
for the relative rarity of the disease in dogs. 

Dogs are easily infected with surra by subcutaneous inoculation. 
Lingard experimentally infected eight dogs, which died in 14^, 21, 
27 J, 29, 34, 36, 47, and 97 days after inoculation with blood obtained 
from different animals. The dog which lived 97 days - the incubation 
period lasting only 5 days — had been inoculated with the blood of 
a bovine suffering from the natural disease. In all cases the experi- 
mentally produced disease showed the same symptoms as the natural 
disease. 

^ Lingard, Report of 1894. According to Lingard, surra had been prevalent in 
dogs ever since 1869 in the kennels at Ootacamund, and in 1884 fourteen couples 
of dogs died in the packs in Madras of the same disease, the true nature of which 
was misunderstood until 1S93. 

^ [Dr. Bell, of the Government Civil Hospital in Hong Kong, has sent home 
blood-hlms from a guinea-pig inoculated with the blood of a sick dog, in which 1 
have found many trypanosomes closely resembling the parasite of surra. Professor 
Laveran, to whom 1 sent one of the slides, writes that he is also of opinion that 
‘ these trypanosomes are very much like those of surra.* — E d.] 
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In dogs subcutaneously inoculated trypginosomes appear in the 
blood from five to seven days after inoculation. There is a rise of 
temperature at the same time, and these febrile attacks are repeated 
from time to time during the progress of the disease (sec charts, 
Figs. 33 and 34). The number of trypanosomes in the blood also 
varies. At times they are scanty, but these periods of arrest or of 
diminution in the multiplication of the parasites are short. During 
the last days of the disease trypanosomes are very numerous in the 
blood, but their diminished activity points to the approach of death. 
Surra is always fatal in dogs, the average duration of the disease 
being, in our experiments, twenty-eight days. Belo\v we give the 
detiiils of the observations on two dogs inoculated with surra — the 
first intravenously, the second subcutaneously. 

Dog No. 4. — Weight, ii kilogrammes. On October 20, 1903, i c.c. of 
diluted blood of an infected mouse was injected subcutaneously. Tempera- 



Fig, 34.— Tempkraturis Chart of Dog No. 5, inoculated Subcutaneously with 
Surra on October 20, 1903; died on November 19, 1903. 

The symbols O, + , etc., have the same significance as in Fig. 33. 


ture before inoculation was 39® C. [102-2® F.]. On October 23 a few para- 
sites were seen in the blood, and at the same time there was a considerable 
rise of temperature — to 41*4® C. [io6-6® F.J. From October 24 to 30 fever 
continued with slight remissions. Trypanosomes rapidly increased in 
number from the 23rd to 25th, and then remained almost stationary until 
the 31st. On October 31 and November i and 2 the temperature fell to 
between 39-8® and 39-4® C. [103-6° and 103® F.], but the trypanosomes 
became very numerous. On November 3 and 4 the temperature rose 
again to 41-4® C. [io6-6® F*.], while the trypanosomes l)ecame less numerous, 
and even scanty on November 4. On the 5th there was a considerable 
fall of temperature, but a fresh rise occurred on the 6th. After this the 
temperature gradually fell, so that on November 1 1 it was only 37’8® C. 
[100° F.]. From November 7 till the night of the i ith and 12th, when the 
dog died, the parasites were very numerous in the blood. There was 
niarked wasting, and at death the animal weighed only 9-8 kilogrammes. 
The spleen was much enlarged, its weight being 210 grammes — about 
fen times the normal weight. There were never any eye symptoms 
or oedematous swellings. 
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Dog No. 5. — Weight, 12 J kilogrammes. This dog was also injected on 
October 20, 1903, with t c.c. of diluted blood from a mouse, but subcuta- 
neously. On that day the temperature was 39’8° C. [103*6° F.], and although 
it rose to 401° C. [104*2° F.] on the 23rd, the blood examination was nega- 
tive. Trypanosomes were very scanty on the 24th, and gradually increased 
in number. From the 28th onwards there w^as intermittent or remittent 
fever. On November 18, the day preceding death, the temperature was 
40*3° C. [104*6° F.]. Trypanosomes were present in the blood every day, 
their relative abundance being indicated on the chart (Fig. 34). The animal 
showed no eye symptoms or swellings in any part of the body. It died 
on November J9, the weight being 12*2 kilogrammes. The spletm weighed 
170 grammes — about live times the normal weight. There was nothing 
else abnormal at the post-mortem examination, 

[Eight (logs were inoculated by FZdington and Coutts^ with the 
Mauritian trypanosome. The disease lasted on an average 23*6 
days (minimum 13 days, maximum 39 days)]. 

[Thomas and Hreinl, alsc^ with the Mauritian trypanosome, found 
the incubation period, after subcutaneous inoculation, to be seven to 
nine days, and the total duration of the disease sixtex'n to thirty days. 
At first the trypanosomes were scanty in the blood ; they remained 
scanty till four or six days before death, or there were marked 
exacerbations persisting for a few days. In the early stages the 
animals presented very few symptoms, but with the rapid multiplica- 
tion of the parasite decided anjernia and emaciation occurred. 
Death was usually preceded by a subnormal temperature. Post- 
mortem the usual lesions met with in dogs dying of acute trypano- 
somiasis were found.] 

[Laveran and Mesnil,- during a .series of experiments carried 
out with the Indian surra trypanosome^ in order to compare its 
effects upon animals with those of the Mauritian trypanosome, 
inoculated two dogs. They died in twelve and thirteen days, the 
incubation period lasting three days. Thc^rc was continued fever, 
the temperature remaining at 39^' or 40*^ C. [io2'2° to 104° F.], and 
even exceeding 40° C., until death, 'rrypanosorncs were abundant 
in the blood, with a period of diminution about the middle of the 
disease. There were no external lesions, but wasting was extreme, 
the weight of the second dog falling from 7 to 4*8 kilogrammes. 
The spleen was enlarged, weighing 60 grammes in a dog of 
7 kilogrammes.] 

[Pease* inoculated three pariah dogs with Indian surra — an eciuine 
virus passed through a rabbit — after having unsuccessfully inoculated 
them with dourine. The dogs died in 35, 22, and 20 days respectively, 
after inoculation with the T, evansL] 

Surra not only occurs naturally in several animal species, but its 

* [Edington and Coutts, np. cif.^ p. 59.] 

* Laveran and Mesnil, C. R. Acad. Sciences^ v. 140, 1905, p. 831.] 

, ® This strain of trypanosome was obtained from a camel by Lingard, who gJive 
it to Dr. C. J. Martin, Director of the Lister Institute. The authors express their 
indebtedness to Dr. Martin for sending them an infected mouse.] 

* [Pease, Veterinary Journal^ v. 9, 1904, p. 187.] 
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trypanosome is pathogenic for a number of other mammals. We 
shall consider these animals in the order of their susceptibility, 
beginning with the most susceptible. 

Mice. — The parasites appear in the blood on an average on the 
fourth day after intraperitoneal, and on the fifth day after sub- 
cutaneous, inoculation. From the time that they occur in the blood 
they gradually increase in number, so that during the last few days 
of the disease they may be as numerous as the red corpuscles. 
Their activity becomes much diminished during the few hours 
immediately preceding the death of the infected mice. 

The disease, if untreated, always ends fatally. During the last 
few days the animal loses its usual liveliness and remains very quiet 
and huddled up. Its coat usually becomes rough and bristling. 
The average duration of the disease after subcutaneous inoculation 
is eleven and a half days. 

In several mice inoculated with the blood of a goat or dog with 
surra the disease ran an abnormal course. The parasites, after 
being present in the blood, diminished in number, or even dis- 
appeared on microscopical examination. They soon reappeared, 
however, and multiplied until the time of death. The disease lasted 
from fourteen to sixteen days, and in one case twenty-four days. It 
is rather curious that when three mice are inoculated under 
aj)parentl5' identical conditions, surra may run an abnormal course 
in one and a normal course in the other two. The blood of a goat 
or sheep infected with surra usnall}' contains very few trypanosomes, 
which partly accounts for the abnormal course of the disease in 
mice inoculated with blood from that source. 

[Thomas and Breinl, using white and grey mice, found the 
incubation period to be three to four days, and the total duration 
nine to twelve days. Mice and rats inoculated with attenuated 
trypanosomes, such as are present in the blood of animals under- 
going treatment, may only show a few parasites in their blood. 
Such rats and mice often acquire a chronic form of the disease, 
from which they frequently recover, but they are not immunised.] 

[Experimenting with the Indian virus, Laveran and Mesnil found 
that at first the incubation period was 9 days, and the total 
duration 18^ days. After passage through a rat or mouse, the 
virus was exalted for the mouse, which, inoculated subcutaneously, 
died in 3^ to 8^ days (average 6 days), with incubation period of 
2 to 4 days, and inoculated intraperitoneally died in 2^ to 34 days, 
with incubation period less than i day. A grey wild mouse, 
inoculated subcutaneously, died in 74 days ; incubation period 
4 days. Except in the case of a few mice which were inoculated 
with guinea-pig’s blood, the trypanosomes never diminished in 
number, and at death were at least as numerous as the red corpuscles. 

Ihe spleen was enlarged, and generally weighed i gramme in a 
^nouse of 20 grammes.] 
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[A jerboa {Jacuhis orientalis) inoculated by Laveran^ with the 
Mauritian virus died in five days with an acute infection. It was, 
therefore, more susceptible than the rat to this virus.] 

[Bat. — It has already been mentioned (p. 109) that Lavcran 
inoculated a bat with the Mauritian trypanosome, and that the bat 
died, severely infected, nine days after inoculation.] 

Rats. — The trypanosomes of surra appear in the blood of white 
rats on the fifth or sixth day after subcutaneous inoculation. 
They rapidly increase in number, and are always very numerous at 
the time of death. The disease is invariably fatal, the avera^^e 
duration being eleven days. In the last stages the animals are 
obviously ill; they lie huddkd up, and the coat is rough. We have 
never seen rats die suddenly with convulsive seizures, as with 
nagana. 

[Edington and Coutts inoculated, with the Mauritian trypano- 
some, three white rats, which died in 4, 9, and 15 days. Thomas 
and Breinl found the incubation period to be 3 to 4^ days after 
subcutaneous, 24 to 3^ days after intraperitoneal injection. The 
average duration of the disease was 5 to 7 days after the appearance 
of the tr}'panosomes in the peripheral blood. . The course of the 
disease in their rats (white, black, and grey) was similar to that seen 
in mice.] 

[Laveran and Mesnil inoculated four rats with the Indian 
trypanosome, two subcutaneously and two intraperitoneally. In the 
former the incubation period was 3 and 3;^ days, and death occurred 
in 5i and 6^ days; in the latter the incubation period was less than 
24 hours, and death occurred in 3I and 4 days.] 

Monkeys. — Steel showed that the monkey is susceptible to 
surra. He inoculated a monkey of the ‘ ordinary Burmese variety,’ 
probably a Macacus, subcutaneously with a syringeful of blood. The 
monkey showed trypanosomes in its blood on the third day after 
inoculation — not on the fifth to the ninth day, but after that the 
parasites w'ere again present. On the evening of the second day 
there was a rise of temperature, and later there were many such 
febrile attacks. The temperature chart given by Steel is very 
interesting, but refers only to the first month. One of the earliest 
symptoms was a reddish discharge from the vulva. The monkey 
became very weak and looked dejected. After two months there 
was great weakness of the limbs, also swelling of the feet going on 
to ulceration, which extended down to the bones. Finally the upper 
eyelids became cedematous, and the animal died after some hours 
of coma and slight delirium. 

Carougeau, Musgrave, Williamson and Clegg {loc. ciL) have also 
shown the susceptibility of the monkey to surra. 

RABiiiTS. — The susceptibility of the rabbit to surra has been 
s)iown by Lingard, Carougeau, and Penning, the last-named observer 
^ [Lavcran, C. R, Soc. v. 59, 1905, p. 250.] 
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noting that rabbits with surra often show the same symptoms as 
rabbits with do urine. 

Unlike mice and rats, rabbits never show many tiy^panosomes in 
their blood. At the beginning of the disease the animals eat well 
and put on flesh; towards the end, however, they rapidly lose 
weight. For example, a rabbit weighing 2,270 grammes was inocu- 
lated by us with surra on May 22, 1903; on June 14 it did not 
appear ill, and its weight was 2,420 grammes, and trypanosomes 
were very scanty in its blood. It died on June 25, its weight being 
1,695 grammes. Throughout the disease the parasites were very 
scanty in the blood. 

At the onset of the infection, when trypanosomes first appear in 
the blood, there is often a slight rise of temperature. The disease 
lasts on an average one month, and always ends fatally. 

[Edington and Coutts inoculated eight rabbits with the Mauritian 
virus. The average duration of the disease was thirty-five days 
(minimum two days (?), maximum fifty-nine days).] 

[Thomas and Iheinl found the incubation period to be three and a half 
to five and a half days after intravenous inoculation. The appearances of 
the parasites in the peripheral blood was usually accompanied l)y a slight 
rise of temperature, but with a severe infection the initial temperature 
sometimes rose to lofi*^ or 107° F. (41° to 41-6° C.). During the course of 
the disease the fever was sometimes marked and of an irregular type; 
in other cases there was hardly any rise of temperature throughout. 
Trypanosomes were usually scanty in the blood, but in a few cases they 
were present in large numbers — ten to forty in a field. The temperature 
usually became subnormal before death ; the trypanosomes were then 
almost absent, but in some cases were largely increased in number.] 

[The symptoms were similar to those seen in rabbits Avith iiagana and 
caderas. C Edema of the ears and perineum, swelling of the testicles or 
vulva, and discharges from the penis, eyes, and nose, may all be more or 
less marked. Anaunia may be present, and loss of weight is constant. 
Young rabbits were found easier to infect than adults.] 

[Two rabbits inoculated — the one subcutaneously, the other 
intraperitoneally — with the Indian trypanosome by Laveran and 
Mesnil died in twenty-seven to twenty-eight days, very wasted, but 
with no external lesion. Trypanosomes were very rarely seen in 
the blood, except during the last four or five days of the infectiqn ; 
but the blood was, nevertheless, infective for mice in very small 
doses.] 

Guinea-Pigs.— In guinea-pigs inoculated subcutaneously try- 
panosomes appear in the blood on the sixth or seventh day after 
inoculation, sometimes a little later. At the same time there is a 
slight rise of temperature. Thus it rose from 39° C. [io2’2° F.] — the 
normal temperature of the guinea-pig — to 40’3° C. [i04’6° F.] in one 
pase, and to 40’2° C. [104*4® F.] in another, the rise of temperature 
in each case being only of short duration and not recurring. The 
^inimals eat well and continue to gain weight — at least, during the 
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early part of the disease, but in the later stages they waste. For 
example, a guinea-pig weighing 700 grammes was inoculated with 
surra on May 22, 1903. On June 14 its weight was 830 grammes, 
and the animal appeared well, although trypanosomes were fairly 
numerous in its blood. The animal died on June 30, its weight 
being only 670 grammes. 

The increase in the number of trypanosomes in the blood is not 
steadily progressive, as in the case of mice and rats, but takes place 
irregularly. During the exacerbations the trypanosomes are 
numerous, whereas in the intervals between them the parasites arc 
scanty, and may even be absent on microscopical examination. At 
death they are often scanty in the blood. 

The disease is always fatal, and in our ex))eriments lasted on an 
average So days (maximum 104, minimum 39). 

As guinea-pigs are easily obtainable, and live a long time with 
the disease, they arc used to keep this trypanosome alive in labora- 
tories. By inoculating a guinea-pig every month, the virus can be 
kept going indelinitcly. 

[Edington and Coutts inoculated seven guinea-pigs with the 
Mauritian trypanosome. The first four died in 66, 49, 59, and 
51 days; the last three died in 10, 30, and 10 days; the average 
duration was 39 days.] 

[Thomas and Breinl found the incubation period to be six to 
eight days, and the total duration forty days to four months. 
Trypanosomes were scanty in the blood at first, but increased later. 
At times they almost disappeared, then became more numerous 
again. There was usually a rise of temperature when the trypano- 
somes first appeared in the blood, but subsequently the temperature 
was never very high. Anjemia was not marked, but there was loss 
of weight, especiall}^ when many trypanosomes were present for 
some time. (Edema was observed in a few cases. No animal 
recovered without treatment.] 

[Laveran and MesniTs first four guinea-pigs, inoculated with the 
Indian virus, died in 76 to 88 days (average 80 days). The later 
ones, after passage ;;X the virus through guinea-pigs, died sooner — 
in 20 to 77 days. The average duration in the case of all thirteen 
guinea-pigs was 57 days. After an incubation period of several 
days, trypanosomes appeared in the blood, and remained present in 
variable, but often considerable, numbers until death. There w^erc 
no external lesions.] 

[Cats. — Thomas and Breinl infected cats with the Mauritian 
virus. After intraperitoneal injection the incubation period was 
eight to twelve days. The infection was usually chronic, lasting 
for six and a half to eight months, but in kittens the disease was 
more acute, often lasting only four to six weeks. In adult cats the 
symptoms were not very pronounced: slight anaemia and loss of 
weight, which increased towards the end of life ; a discharge from 
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the eyes and nose, and cedema of the perineum were occasionally 
observed. Trypanosomes were usually scanty in the blood of adult 
cats, but were numerous in the case of kittens. The chronic cases 
showed no characteristic lesions post-mortem, but in kittens the 
spleen and lymphatic glands were enlarged.] 

[Panisset,^ at Alfort, inoculated the same trypanosome into cats. 
He found the incubation period to last, on an average, four days, 
and the total duration twenty-one days (maximum tifty-one days, 
minimum nine days). Wasting was usually marked, and, in the sub- 
acute cases cedemas, paresis, and ocular troubles were observed. 
As a rule the parasites were very numerous in the blood. Passages 
through cats did not produce any alteration in the virulence of this 
trypanosome.] 

Goats. — Steel looks upon the goat as refractory : nevertheless, the 
goat he inoculated had a rise of temperature to 4i’5^ C. P\] 

on the ninth day after inoculation, and was markcdl}' emaciated at 
the end of a month. Penning also considers the goat refractory. 

Two goats inoculated by Lingard died of surra. In both cases 
the incubation period was six days, then the temperature went up — 
in one goat to 42‘2° C. [loS"^ I'.] — and trypanosomes appeared in the 
blood. The first goat had remittent fever, and died on the fifty- 
third day of the disease. The second goat also had remittent fever, 
and showed trypanosomes in its blood for a fortnight, after which 
they disappeared. The animal died at the end of four and a half 
months. 

We have performed several exiieriments upon goats. I'ive or six 
days after inoculation with surra, the temperature goes uj) to 40° C. 

[ 104° F.], and then comes down again to normal. Sometimes there 
is a second rise a few days later. Except for these febrile attacks, 
which would pass unnoticed if the animal’s temperature were not 
taken regularly, surra produces no symptoms in goats ; the animals 
do not waste, and there are no cedematous swellings. The trypano- 
somes are always so scanty in the blood that they arc not seen on 
microscopical examination, but inoculation into rats or mice is 
necessary to ascertain whether the animals are infected or not. 

After lasting about five months the disease usually ends in 
recovery. Goats which have recovered are immunized against 
surra. 

[Edington and Coutts inoculated five goats with the Mauritian 
trypanosome. These animals lived 96, 55, 43, 33, and 52 daj^s, the 
average being 56 days.] 

[An old goat was inoculated by Pease with the trypanosome of 
Tibarsa surra (camel) ; it became infected and died in 209 days.] 

t A goat ( ? ), weighing 31 kilogrammes, was inoculated subcutaneously 
-averan and Mesnil with i c.c. of guinea-pig’s blood containing the 

^ [Panis.set, C. A\ Soc. BioL^ v. 58, 1905, p. 15 ; abstract by Mesnil, BulL Inst* 
Past,, V. 3, 1905, p. 260.] 
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Indian virus. Trypanosomes were found in the blood of the goat on the 
fourth, fifth, sixth, and ninth days after injection, but they were not seen 
afterwards, although the blood was examined daily for nearly a month. The 
blood was, nevertheless, highly infective on inoculation into mice. There 
was a marked febrile reaction from the fifth day onwards, and for a month 
the temperature rarely fell below 40° C. [104° F.] ; on several occasions it 
rose to 41° C. [105-8'’ F.], and once even to 41-5° C. [io6-8® F.]. Five 
weeks after injection the temperature fell to 39° C. [loa-a* F.l, and the 
animal was in good condition.] 

Sheep. — A ram was inoculated by Lingard on two occasions, with 
an interval of fourteen days between them. On the sixth day after 
the second inoculation the temperature rose to 4i'9° C. l’io7’4“ F.] 
Trypanosomes were never found in the blood on microscopical 
examination, but eighteen days after the second inoculation the 



Fig- 35* — First 1’art of the Temperature Chart of a Shp.f.p inoculated with 
Surra on October 13, 1903. 

Trypanosomes \vej:e present in the blood on October 26 and November 2, 1903. At the 
end of three months the sheep’s bl<;od was still infective. 

blood was infective for a guinea-pig. On the twenty-eighth day 
after inoculation there was fluid in the tunica vaginalis testis, and 
on the forty-fifth day trypanosomes were found in this fluid. On 
the 104th day the animal had paresis of the left side of the body, 
and it died on the 127th day. 

In European sheep surra runs practically the same course as it 
does in goats. The only symptom is a rise of temperature to 40° or 
[^04° or 105*8° F.], which may occur on several occasions. 
(See chart, Fig. 35). The animals take their food well, and often 
put on weight during the course of the disease. As a rule trypano- 
somes are very scanty in the blood, but they are occasionally seen 
on microscopical examination. 

As with goats, the disease may end in recovery after a dura- 
tion of five to six months, and animals which have recovered are 
immune. 
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t Birds. — Edington and Coutts injected a pigeon, but unsuccessfully, 
the Mauritian virus. Two geese injected by Mesnil and Martin with 
the Indian virus also failed to become infected. The birds remained in 
good health ; their blood never showed trypanosomes in films, nor was it 
infective, in doses of 8 c.c., on intraperitoneal inoculation into guinea-pigs.] 


Section 3. — Pathological Anatomy. 

In surra, as in nagana, enlargement of the spleen is always 
found in mice, rats, and dogs, sometimes in guinea-pigs, and only 
rarely in rabbits. The splenic hypertrophy seems to bear some 
relation to the large number of trypanosomes present in the blood 
at the time of death. 

In mice weighing 20 grammes the average weight of the spleen was 
o'8 gramme; in rats of 170 grammes the spleen weighed 3*4 grammes; 
in dogs weighing 20 kilogrammes the average weight of the spleen was 
180 grammes. We have already mentioned the case of the dog of 9 kilo- 
grammes in which the spleen weighed 210 grammes — about ten times the 
normal weight. In guinea-pigs weighing about 465 grammes the average 
weight of the spleen was 2*23 grammes, but the variations were very 
great - for example, it weighed 075 gramme and 1*670 grammes in two 
guinea-pigs of about the same weight (370 grammes). In rabbits weighing 
about 1,380 grammes the average weight of the spleen was 3*5 grammes. 

Apart from the splenic enlargement, surra does not as a rule 
produce any macroscopic lesions, but in some autopsies on rats and 
dogs we have seen pulmonary congestion and small subpleural 
ccchymoses. 

In buffiilocs which had died of surra Penning found enlargement 
of the lymphatic glands and liver, pericardial and submucous intes- 
tinal Inemorrhages, and, rarely, slight enlargement of the spleen. 

[Massaglia^ has studied the changes in the organs of mice, rats, and 
guinea-pigs experimentally infected with T, evansL The organs affected 
were the kidneys, liver, spleen, and heart, and, as in the case of animals 
infected with 7'. hntcei, the kidneys showed the most marked changes. 
These organs showed many hexmorrhages, inhUration with small round 
cells, and degenerative changes in the cells of the tubules, such as 
vaciiolation of the protoplasm, chromatolysis, and disintegration of the 
nucleus. Massaglia remarks that these pathological changes, which 
closely resemble those found in toxic conditions, appear to favour the idea 
that the trypanosome elaborates a particular toxin, which has a special 
effect upon the above-mentioned organs. If this be really the case, the 
action of this toxin must be different from that of intracorpuscular 
parasites. The latter affect and destroy the red corpuscles, which carry 
nutriment to all the tissues ; the trypanosomes affect primarily the 
excretory organs — the kidneys and liver— and secondarily the red blood- 
corpuscles. Massaglia is of opinion that his observations are opposed to 
Schaudinn’s view that trypanosomes are a phase in the life-history of 
intracorpuscular parasites.] 

^ [A. Massaglia, Giorn. d, Acad, di Med. di Torino, v. ii, June 23, 1905 ; 
abstract in Centralb. f Bakter., I, Ref., v. 38 ; and in Bull. Inst. Past., v. 3, 1905.] 
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[Thomas and Breinl found organic lesions similar to those seen by 
them in animals infected with nagana, but the amount of pigment found 
in the spleen was always very small.] 

[In the brain of a rabbit which died three months after inoculation with 
surra, Mott^ found masses of trypanosomes in nearly all the vessels. 
‘ Single trypanosomes could be seen in the capillaries ; in th^ larger 
vessels solitary trypanosomes and whorls of trypanosomes and plasmodial 
masses, which are either degenerated trypanosomes, consisting of a 
zooglceal mass, in which many deeply-stained nuclei and centrosomes can 
be seen, or of amoeboid forms, described by Bradford and Plimmer.’ In 
spite of this severe blood infection, the vessels showed little or no inflam- 
matory reaction. There was no perivascular cell infiltration, nor did tlifj 
nervous system show any lesions beyond chrornolytic changes in the 
ganglion cells.] 


Section 4.— Pathogenic Agent {Tri/panosoma evansi). 

The trypanosome of surra closely resembles that of nagana in 
its morphology, as well as in the symptoms to which it gives rise. 
Most of our experiments were made with trypanosomes obtained 
from Mauritius ; but we were able to compare these parasites with 
others of Asiatic origin, which were sent to us b\- Carougcaii, 
veterinary officer in the Pasteur Institute at Nha-trang, Annani. 
The parasites coming from these two sources were found to be 
identical.- 

Trypanosoma cvaiisi measures, on an average, 25 /a in total length, 
by 1*5 /A in width, the free flagellum measuring about 6 Larger 
forms (30 /* long, by 2 to 2*5 /a wide) are not uncommon, but these are 
always multiplication forms. Smaller forms, measuring less than 
22 jj- in length, are not found. The largest parasites (as much as 
35 /4 long) have been found in the blood of equines. 

[Laveran .'jind Mesnil,'* from their comparative study of the 
trypanosomes of Indian and Mauritian surra, have come to the 
conclusion that these parasites arc practically identical in the blood 
of infected dogs and mice. They are of the same size, and the 
chromatic granules, when present, are neither very numerous nor 
very large, and are situated in the anterior half of the body. The 
posterior extremity varies in shape, but is usually pointed, the 
centrosome being generally very near the end of the body- The 
undulating membrane has well-marked folds, varying from three to 
five or even six in number.] 

T. evansi is so much like T. bmeei that it is unnecessary to give 
a detailed description of it- We shall merely indicate the various 

1 [Mott, ‘ Histological Observations on Sleeping Sickness and other Trypano- 
some Infections,* Sleepin^^ Sickness Commission's Report^ No. vii., 1906 (see 
p. 22). 1 am greatly indebted to Dr. Mott for allowing me to sec a proof of his 

paper before publication ; also for his permission to reproduce some of the plates 
illustrating his paper.] 

* [For the recent observations of Laveran and Vassal on the trypanosomiasis of 
Annam, sec Appendix at the end of this chapter.] 

® [Laveran and Mesnil, C. R, AcaiU Sciences^ v. 140, 1905, p. 831.] 
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minor differences that exist between these two species of trypano- 
some. T. evami is usually more pointed than T, hrncei, 'Fhe 
posterior end varies in shape, as it does in all trypanosomes, some- 
times assuming the form of an elongated cone, at other times that 
of a truncated cone. The nucleus and ceiitrosome are the same 
in the two species ; the free flagellum is longer in T. evami than in 
f. hnicci, and the protoplasm usually contains fewer chromatic 
granules in the former than in the latter species. Fig. 36 shows, 
side by side, the trypanosomes of surra (/ and 2), of nagana C? and ./), 
and of caderas (5 and 6 ), the last being characterized by the small 
size of its centrosome. 

Examined fresh in an ordinary slide preparation, T. evami is 
more motile than 7 \ brticei, and a parasite is often seen to travel 
right out of the held of the microscope, which is very rarely observed 
with T. bnicei. 

Unfortunately, none of these characteristics — which are, rnore- 



I'ni, jf).- Trypanosomes of Sukka, of Naoana, am.) of Cadkkas. 

I and 2. Trypanosomes in the blood of a mule, Mauritian epizootic: «, nucleus ; r, 
centrosome; w, undulatinir membrane; /, flaj^cllum. The trypanosome in Fi^». 2 
is undergoing division ; it has two nuclei, two centrosomes, and the part of tlie 
ilagellum attached to the centrosome is undergoing division, ^and-j. Trypanosomes 
of nagana, one undergoing division. 5 and G. Trypanosomes of mal do caderas, one 
in process of division. Magnified about 2,000 diameters. 


over, only of minor importance~is constant, and even with the same 
strain of trypanosome the morphology varies slightly with the 
species of animal in whose blood it is examined, and also with the 
stage of the infection. It follows, therefore, that a differential 
diagnosis between T. evami and T, brncei is impossible if based only 
upon the examination of a very small number of parasites. Never- 
theless, with a little practice one can learn to distinguish between 
these two trypanosomes in well-stained preparations of blood con- 
taining many parasites. 

[Novy, McNeal, and Hare,^ from a study of stained preparations of 
the Mauritian and Philippine trypanosomes, conclude ‘ that the two 
organisms are quite unlike.* In the Mauritian trypanosome the total 

' [Novy, McNeal, and oft/ic Amcr. Med. Assoc. ^ May 28, 1904.] 

18 
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length was 33 /n* free flagellum 13 /a, and the width (not including the 
undulating membrane) 1-5 fi to 17/^1. In the Philippine trypanosome the 
dimensions were 22 /* to 25 /<, 8 /x to 10 /x, and i’3 /i- to 17 fi respectively. 
These observers describe an enlargement at the free end of the flagellum 
in the Mauritian parasite, but not in the Philippine. In the former 
parasite the centrosome is 3’3 /-t to 4 /x from the posterior end, whereas in 
the latter it is only i /x to 1 *6 /x. The Mauritian trypanosome has a welb 
developed undulating membrane with four distinct folds ; in the Philippiiu; 
trypanosome there are two or three less marked folds. Lastly, the 
Mauritian trypanosome has a number of deeply-stained granules in the 
anterior half of the body, the posterior half being quite free ; the Philippine 
trypanosome, on the other hand, stains deeply in the posterior two-thirds.] 

[As has been stated above, it is not possible to differentiate closely 
allied trypanosomes by relying upon morphological differences, unless a 
large number of individuals be examined. Although it is possible that 
the Philippine and Mauritian trypanosomes are distinct organisms, 
further experimental evidence is required before a definite conclusion can 
be arrived at. This evidence may be obtained by means of cultivations 
of the respective trypanosomes, and by immunization and cross-inoculation 
experiments, such as Laveran and Mesnil have used successfully in the 
case of nagana, surra, caderas, etc. ) 

Reproduction occurs by simple division, as in the case of 
T, brucci the centrosome, nucleus, and flagellum divide into two 
parts (Fig. 36, 2), and finally the protoplasm also divides. Some- 
times further division takes place before the original protoplasm 
divides, and in such cases, which are rare exceptions to the rule of 
equal binary fission, one may find a large trypanosome containing 
four nuclei and four centrosomes. 

[Holmes^ has studied the evolution of 7 ! evausi, and distinguish(.‘s 
three varieties of the parasite which are recognisable especially by their 

posterior ends. Thus the end may be (i) very elongated- probably 

males; or (2), short and truncated — females; or (3) oval, like a snake's 
head. — young females, lie describes paired forms joined by their posterior 
ends ; these he regards as conjugation forms. Of these paired forms, one 
is always a male parasite, with a very elongated end ; the other is always 
a female parasite (2 or 3, above). It is only tlie adult female (form 2) 
which is seen to undergo division. Division is by ordinary binary longi- 
tudinal fission or by transverse segmentation. In this way four aincel)oid 
forms may be produced, in which a flagellum develops, or which divide 
into smaller forms. Holmes agrees with Bradford and Plimrner that 
after conjugation the female form divides. He states that in the blood 
the amceboid. hod\es are few at any time, but that they are numerous in the 
spleen, liver, and bone-marrow post-mortem. Ilolmes thinks they result 
from the transverse division, and that they are carried to the liver, spleen, 
and bone-marrow, where they develop into adult forms. He thinks also 
that free nuclei of trypanosomes may give rise to new parasites. (Compare 
Pricolo’s observations on the mouse trypanosome, p. 102.] 

The trypanosomes of surra agglutinate under almost the same con- 
ditions as do those of nagana. We have obtained very good results 

^ [It will be remembered, however, that Prowazek has recently described the 
division of 7^ brucei as being very complicated.] 

- [Holmes, Comp. Path, and Therap.^ v. 17, 1904, p. 210; abstract by 

Mesnil in Bull. Inst. Past.^ v. 2, 1904, p. 954.] 
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(primary, secondary, and tertiary agglutinations) by mixing a drop 
of blood containing many trypanosomes with a drop of goat’s serum. 
With the serum of the horse we obtained only loose, primary rosettes. 
The agglutinated parasites rapidly change, particularly in the centre 
of secondary or tertiary colonies of rosettes, which rapidly become 
granular. The parasites are agglutinated by theiV posterior ex- 
tremities, as in the case of l\ briicei. 

When blood containing T. evansi is defibrinated or mixed with 
citrated salt solution, and then kept at the room temperature or in 
the ice-chest, the trypanosomes do not live very long. After three 
days in the ice-chest some normally shaped parasites are seen, but 





Fk;. 37. — Fhimppims Sukka Tkyi'anosomiis, from a Thirty-ICi»iht-I )av Cllturk, 

DRAWN FROM A LiVJNG PREPARATION. 


1,2. Simple forms. 3, .p IMviding forms from the same preparation. Magnified about 
2,000 diametei'S. (After Novy, McNeal, and flare.) 


they are motionless or only feebly motile, and are no longer virulent. 
The blood of a guinea-pig containing T. evansi, exposed for a quarter 
of an hour to the temperature of liquid air ( — 191° C.) was , still 
virulent, for two mice inoculated with this blood became infected in 
six and eight days, and died in fifteen and eighteen days respectively. 

We have made attempts to cultivate T. evansi on blood-agar by 
Novy's method. We succeeded only once in six experiments, and 
the growth could be subcultured only once. The trj'panosomes in 
these cultures appeared in the form of small isolated motile parasites, 
or of rosettes like those seen in cultures of T. Icxcisi, but much 
smaller. All the parasites in the rosettes had the flagella directed 
towards the centre of the rosettes. At the end of three months 
motile parasites and rosettes were still seen in the cultures. The 

18 — 2 
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culture injected into mice on several occasions gave negative results ; 
it appears, therefore, that the trypanosome, on becoming acclimatized 
to artificial cultivation in vitro, had lost its virulence. The mice 
which were unsuccessfully inoculated with the culture products 
were not immunized thereby, for on subsequent inoculation with fresh 
virulent blood they died as quickly as control mice. 

[Novy, McNeal, and Hare ^ have succeeded in cultivating the Philippine 
trypanosomes. Tubes of blood-agar were inoculated on January i, lyo^, 
with the blood of an American cow suffering from Philippine surra. 
They were then sent from the Philippines to America, where they arrived 
thirty-eight days later. All three inoculated tubes contained motile and 
developing trypanosomes when examined in America. The cultures were 
([uite different from those of T, leudsi and 7'. bntcei, inasmuch as there was 
an entire absence of groups or rosettes. The trypanosomes were all 
single and actively motile, and appeared to travel equally well with the 
flagellum posterior or anterior. Another striking feature was the size of 
the parasite and the length of the flagellum. An even more marked 
peculiarity was the presence and arrangement of granules within the 
parasites, and the distinct yellowish or greenish colour of the granules 
and of the contents. These granules were present in large numbers, and 
were 03 ji to 0*5 /x in diameter. They were usually massed at the base 
of the flagellum, and only a few occurred in the remainder of the body 
(Pig. 37, I, 2), In the dividing forms the granules were arranged in two 
parallel rows (Fig. 37, j, 4),] 

[The flagellum was usually as long as, and often even longer than, the 
cell it.self. The non-flagellated end, especially when blunt, showed a 
rod-like tip or stylet, 2 /x to 4 /x, or even 6 /x in length (see Fig. 37). 
There was no undulating membrane. The trypanosomes in culture 
varied considerably in length. The majority were 25 /x to 35 /x long, but 
some were 40 /x or 50 /x in length. The width varied from i'5 /x to 2*5 /x.J 

[As the cultures aged, pear-shaped or spherical highly granular involu- 
tion forms appeared, and, as in the case of T. lewisi and T, bnicei, these 
involution forms eventually gathered into large groups or masses. Living 
trypanosomes ’were found in one culture tube as late as the sixty-fifth 
day.] 

[All attempts to inoculate animals (white mice, white rats, and 
guinea - pig), and to obtain subcultures on media containing varying 
proportions of blood and agar, proved fruitless. These failures were 
doubtless due to the age of the cultures (thirty eight days) when they 
reached America. Similar results had previously been obtained with 
T. brncei ; original cultures twenty-nine and thirty-eight days old failed to 
infect mice.] 

[Thomas and Hreinl- also obtained several cultures of T. evansi at 
22° C., and at the room temperature. The organisms seen in a thirty- 
three day old culture resembled those described above, and were non- 
virulent for animals ; nor could subcultures be obtained from them. As 
in the case of Novy’s cultures, all the trypanosomes were single, and 
actively motile.] 

^ [Novy, McNeal, and Hare, /c/w/v/. Amer, Med, Assoc,, May 28, 1904.] 

^ [Thomas and Hreini, op. af,, p. 45.] 
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Section 5. — Surra is a Distinct and Definite Disease. 

T, evami and 7 \ britcci resemble one another so closely, lH)th 
morphologically and in their effects upon animals, that the 
question naturally arises whether they are not one and the same 
trypanosome, or at least two varieties of the same species. The 
general opinion was that surra and nagana were two names for the 
same disease.^ 

An experiment was necessary to decide this question — namely, 
to inject surra into an animal immuni;i:cd against nagana, and to 
ascertain whether it became infected or not. ‘It sometimes happens 
that a mild form of a disease does not protect against a severe form ; 
but that objection is invalid in this particular instance, because the 
virulence of nagana is equal to, if not greater than, that of surra. 

We have performed this experiment, and have shown that 
animals immunised against nagana are susceptible to surra. It also 
follows from our experiments that surra and caderas are two distinct 
diseases.- 


The animals we used to establish these facts were two nanny goats 
(I. and II.) and a billy goat. All three had been infected, in October or 
November, 1902, with the blood of an animal suffering from caderas. 
They never showed any symptoms, and steadily gained in weight. 

Tlic infection with caderas lasted about live months. 

Goat /, ( 5 ^ ) was highly immunized against nagana before being in- 
oculated with caderas. It was one of the two animals wc used to 
demonstrate that nagana and caderas are distinct diseases. The ini- 
niunity of this goat against nagana was maintained, for a subcutaneous 
injection of infective blood made on May 20, 1903, did not give rise to a 
fresh infection. On June 5, 1903, each i^oai received a subcutaneous^ 
injection of 1 c.c. diluted blood of a mouse containing many surra trypano- 
somes. At the same time the billy gew/ (intermediate in weight between the 
two nanny goats) was inoculated with A c.c. diluted blood of a mouse con- 
taining caderas trypanosomes. 

The two nanny goals reacted in the same way to the injection of surra ; 
there was a rise of temperature to 40*5° [103'' F.'| and 40'^ C. [104° F. j 

on the fifth and sixth days respectively after inoculation. The next day 
the temperature fell to normal, and remained normal. 

Trypanosomes were never found in the blooil of these goats on micro 
scopical examination, but intraperitoneal injection of their blood in doses ot 
i c.c. into mice gave positive results, as the following experiments show : 

1. Blood obtained Five Days after Inoculaiion of the Goats , — Tho two 
mice injected with the blood of Goa^/. showed trypanosomes in their blood 
five and six days respectively after inoculation. Those which were 
injected with the blood of G^fl^//. showed parasites in their blood five and 
seven and a half days respectively after inoculation. 

2. Blood obtained Ten Days after Inoculation of the Goats , — The two mice 
injected with the blood of Goat I, showed trypanosomes in their blood four 

^ [Kven as late as 1903 Miisgrave and Clegg (in bulletin No. $, Bureau of 
Government I-ahoratories, Manila, 1903, p. 187) lield that surra, nagana, inal de 
<^deras, and probably dourine, were the same disease, and that all were caused by 
T. evansi (quoted from Novy, McNeal, and Hare’s paper).] 

* Laveran and Mesnil, Acad, des .SV., June 22, 1903. 
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and five days after inoculation, while those injected from Goat //. showed 
them three days after inoculation. 

The disease, therefore, ran a practically identical course in the two 
goats, so that the immunity of Goaf /. against nagana had in no way 
modified its susceptil)ility for surra. 

The billy goat, reinoculated with blood of caderas, did not contract a 
fresh infection, and this result confirms the fact already established that 
animals which have recovered from caderas are immunized against the 
disease. On the other hand, the experiment with the two nanny goats 
shows that they were both susceptible to surra, though one had previously 
acquired immunity against nagana. 

Nocard, Vallce, and Carre showed that a cow imrnunked against 
nagana was nevertheless susceptible to surra, ^ and this fact confirms 
the results we obtained with goats. 

[ As a result of their own inquiry into the relative virulence of the 
parasites of Indian and Mauritian surra and of mbori, and of Vallde 
and Panisset’s immunization and cross-inoculation experiments 
already quoted (see p. 261), Laveran and Mesnil conclude (i) that 
Mauritian surra is the same species as Indian surra; and (2) that, 
for the present, we may recognise three varieties of surra, which are 
in decreasing order of virulence — Indian surra, Mauritian surra, and 
mbori.] 

[It is possible that further investigations may show that several 
other varieties of surra exist in Asia and Africa, or even that several 
distinct, but closely allied, diseases are included in the surra group. 
It has already been stated that Novy, McNeal, and Hare think the 
Philippine trypanosome is a distinct parasite. The trypanosomiasis 
of horses in Annain (see Appendix B to this chapter) is regarded by 
Laveran and Mesnil as a variety of surra, probably distinct from the 
Indian disease.] 

Section 6. — iEtiology. Mode of Infection. 

The aetiology of surra is still far from being elucidated. For 
many years the natives in various parts of India have regarded 
the flies they call ‘ burra dhang’ (Tabantts tropicus and T, lincola) as 
the propagators of the disease. Evans, after he discovered the para- 
site, also thought it possible that the disease could be conveyed 
to a healthy animal by these horse-flies immediately after they had 
bitten a diseased animal. In 1888 Kay Lees (quoted by Lingard), 
studying the disease in the Naga Hills, to the north-east of Assam, 
suspected the tsetse -fly.- In his report for 1894, Lingard gives 
the following as the causes of surra in India: (i) Drinking water 
which is very polluted at the end of the dry season ; (2) polluted food 
(grass, etc.), coming from flooded localities ; (3) the ingestion of grain 
contaminated with the excretions of rats and bandicoots ; and (4) in 

Vallee and Carre, Ara</, des Sc,, October 19, 1903. 

^ It is very unlikely that the tsctsc-fly occurs in India. 
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sporting dogs, the ingestion of the flesh of animals suffering from 
surra, and in terriers, the destruction of infected rats. 

In his last report, published after Bruce’s discovery of the role of 
the tsetse-fly in the transmission of nagana, Lingard mentions biting 
flies as an additional means of the propagation of surra, without, 
however, modifying his previous ideas on the subject. 

In an important paper published in igoi^ Leonard Rogers shows 
that the horse-flies in India, when they have recently (less than 
twenty-four hours previously) bitten an infected animal, can convey 
surra to the dog. and rabbit. He points out that the latent cases of 
surra in cattle may in this way often act as sources of infection. 
By means of convincing arguments, Rogers disproves Lingard’s 
hypotheses as to the transmission of surra by infected water or food, 
particularly infection by the' excretions of rats, which, even if they 
contain trypanosomes, are harmless, inasmuch as the ordinary 
trypanosome of the rat, T. Icwisi, has no connection with surra. 

The value of Lingard’s experiments is considerably diminished 
by the facts that they were carried out in a locality where surra is 
endemic, and that no precautions were tcaken to protect the experi- 
mental animals from biting flies. 

During the Java epidemic of lyor large numbers of flies were 
noticed in the stables and around the sick animals, and trypanosomes 
were demonstrated in the flies caught upon these animals. Several 
drops of liquid taken from these flies and inoculated into a rabbit gave 
rise to a characteristic infection, the rabbit dying of surra in four 
weeks. The experiment repeated with Hies caught on sick horses 
gave similar results. 

A large horse-fly-— probably a Tahunus — red or reddish in colour, 
which is very common in Java, perhaps plays a pnrt in the spread of 
surra amongst horses ; but this fly does not get inside the stables. 
According to Schat, it is the Sloinoxys calcitrans which is chiefly 
concerned in the propagation of surra in Java, this fly attacking cattle 
as well as horses. 

During the Mauritian epizootic flics almost indubitably propa- 
gated the disease. The tsetse-fly is unknown in the island, but a 
large number of other biting flies often torment the animals when 
working. Daruty, of Grandpre, says that in Mauritius a Stomoxys, 
the S. nigra, plays the same part in the spread of surra as the^tsetse 
does in Africa in the spread of nagana. In certain districts where 
biting flies are not found the epizootic did not spread — in the Albion 
Dock, for example. The cows belonging to the Indians, boxed up 
in small, dark huts into which the flies do not penetrate, were 
immune. 

In a letter dated November 12, 1903, M. Deixonne informed us 
that surra had not reappeared among the horses, mules, or donkeys, 

* L, Rogers, Pror. Roy. Soc., May 4, 1901 ; [also Brit. Med, Journ,, 1904, v. 2, 

p. 1454.] 
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and he added : * I attribute this fact to the effect of the cold upon 
the hatching-out of the Stomoxys. Our winter has been very 
long, and the Hies are still very scarce.’ In another letter, dated 
l^ebruary ii, 1904,^ the same observer stated that the epizootic had 
broken out again in Mauritius, simultaneously with the reappearance 
of the Stomoxys, and that the animals recently purchased were dying 
in great numbers. 

[Manders- states that in Mauritius the Stomoxys gemculatus, dc Bogot, is 
almost certainly the carrier of the disease, and that the mortality amongst 
animals is greatest during the months when this fly is most prevalent. 
The fly is known locally as the ‘ cane-fly,’ being very abundant in sugar- 
cane fields. Manders states that de Charmoy, cunitor of the museum at 
Port Louis, had found trypanosomes in the stomach contents of flies some 
time after feeding. He also found that infected rabbits, placed in the 
same hutch as other rabbits, did not give the disease to the latter until 
the hutch was exposed to the access of S'/owo.x^'s,] 

Musgrave and Clegg state that they succeeded in transmitting 
surra to monkeys, horses, dogs, rats, and guinea-pigs by the bites of 
flies previously fed on infected animals. I'hey aj)pear also to have 
transmitted the disease from dog to dog, from rat to rat, and from 
rat to dog by means of lleas.*^ 

Carnivorous animals may contract surra by devouring the flesh 
of infected animals, but infection can only occur in this way if there 
be any wound or simple abrasion on the skin, or more especially on 
the buccal mucous membrane, which becomes smeared with blood. 
Surra is not infrequently spread amongst dogs in this way. 

Steel fed a young dog on the flesh of a mule which had died of 
surra, and thirteen days later trypanosomes were present in the 
blood. The dog had onl}’ slight fever, and during the course of the 
disease, whicliTasted fifty-one days, it had enlargement of the left 
inguinal glands, (edema of the perineum, and swelling of the head. 

Penning records the case of a dog which became infected after 
eating the liver and spleen of a rabbit which had died of surra. 

Lingard records the following facts: On January 8, 1S93, four 
sporting dogs and a terrier w^ere bitten by a hyena during a hunt. 
All five dogs became blind and died between March 12 and April 16. 
The animals hunted were the fox and jackal in addition to the 
hyena. A dog which was not present at the quarry remained (juite 
healthy. It is probable, says Lingard, that jackals and foxes are 
often infected with surra. In 1893, during a hunt, some of these 
animals appeared ill. They w^ere unable to run away, and were 
devoured by the dogs, several of which contracted the disease.^ 

In Mauritius dogs became infected by drinking the blood of oxen 

^ This was the last letter 1 received from M. Deixonne before his untimely 
death (A. Laveran). 

- [Manders, R,A.Af,C., v. 5, 1905, p. 623.] 

^ Musgrave and Clegg, op. ciL, pp. 86, 87. 

Lingard, Report for 1894. 
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which were bled. Deixonne, who records this fact, adds that dogs 
often have wounds of the buccal mucous membrane.^ 

If animals susceptible to surra are allowed to eat the entrails of 
infected animals, it is found that the disease is rarely produced, 
unless one previously wounds the bnccal mucous membrane. The follow- 
ing experiment is interesting in this connection : 

On October 18, 1903, we fed five young rats (average weight, 
65 grammes) on the viscera of a mouse containing the trypanosome of 
surra in large numbers. On October 19 the same rats were fed on the 
viscera of a rat which had just died of surra, the trypanosomes being very 
numerous and quite active at the time of the autopsy. It is certain that 
each rat devoured some of the infective material. 

On October 27 the blood of one of the rats contained numerous 
trypanosoTues, and the rat died the next day. The other four rats 
remained free from infection. 

On November 14 two of them were inoculated subcutaneously with 
surra, and became infected like ordinary rats. 

On November 19 a slight cut was made in the upper lip of the two 
rats which were still healthy, and they were then given the entrails of an 
infected rat to eat. On November 25 many trypanosomes were found in 
the blood of these two rats. 

It is very probable that the rat wliich became infected in the 
early part of the experiment, and died on October 28, had some 
abrasion of the skin or buccal mucous membrane by which the 
trypanosomes entered the system, and that it is incorrect to incrimi- 
nate the ingestion of the trypanosomes, seeing that this produced 
no effect whatever in the other four rats. 

In conclusion, surra is, like nagaiia, inainK^ propagated by biting 
flies. It is not contracted by the ingestion of fouled water or forag.e, 
but rodents and carnivores may become infected by eating infected 
flesh, if they have wounds or abrasions on the skin or buccal mucous 
membrane, such as might be produced by the devouring of bones, etc- 

[Lingard** has inejuired into the manner in which 7 \ evansi is 
carried over from one surra season to another. The infection is 
mildest, and sometimes ends in recovery, in l>ovida: and in camels. 
As has already been stated, surra may last tliree years in the case 
of camels. During the first j ear the blood gives rise to a fatal 
infection in horses, but blood taken from camels during the other 
two years produces a milder infection, from which the horse recovers. 
Nevertheless, this passage of the trypanosome through the Horse 
increases the virulence of the virus, which is then fatal for horses. 
Similarly, the camel trypanosome is only feebly pathogenic for 
Bovidae (ox, buffalo), and these animals show scarcely any signs of 
the infection. The trypanosome becomes more virulent, however, 
hy being passed through the ox or buffalo, and it then produces a 
fatal infection in horses.] 

J ‘Report of the Commission upon the Epizootic in Mauritius,’ p. 18. 

- [Lingard,/^?//;7/. Trop. Vet. Science^ v. i, 1906, pp. 92-112 ; l*case, pp- 70 ’ 
91, 127-137 ; abstract by Mesnil in BulL Inst, PasL^ v. 4, 1906, pp. 431, 898.J 
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[Pease^ is also of opinion that in India the buffalo is an impor- 
tant agent in the transmission of surra.] 

[Cazalboir^ thinks that the distribution of surra in Africa is 
closely connected with the migrations of camels in their search for 
salt.] 

Section 7.— Treatment. Prophylaxis. 

Lingard, in India, tried a large number of chemical substances 
for the treatment of surra in horses — perchloridc of mercury, iodine 
and potassium iodide, potassium bichromate, iodoform, turpentine, 
carbolic acid, the alkaloids of cinchona, the double iodide of mercurj^ 
and potassium, and liquor potassje — but without success. 

Arsenic alone gave results at all satisfactory. Of twenty-one 
horses treated with it one was cured. In this horse the treatment 
was begun on the twenty - first day of the disease. 455 grains 
(29 grammes) of arson ions acid were given in sixty-three days, and 
sodium iodide in doses of 2 drachms (7*8 grammc.s) twice a day, for 
sixty-two days. The animal was able to resume its work in the 
mounted police at the end of 100 days, and it was in good health 
three years and two months later. 

Lingard recommends, for horses affected with surra, the adminis- 
tration of arsenious acid for two months in doses of 12 grains a 
day, followed by the double iodide of arsenic and mercury for 
another six months. 

Trypanred, in doses of 3 to 4 milligrammes for mice and 2 centi- 
grammes for rats, causes a temporary disappearance of the trypano- 
somes from the peripheral circulation, lasting from three to twenty 
days. We have obtained good results in rats by the combined 
administration of arsenious acid and trypanred.'* 

The double iodide of arsenic and mercury, used as a prophy- 
lactic, has not given good results. 

Lingard tried in the treatment of surra, but unsuccessfully: 
(i) Injections of scrum obtained from a blood very rich in trypano- 
somes by filtration through porcelain ; and (2) injections of the 
scrum of a bovine which had recovered from surra and so become 
immunized against the disease.^ 

During the Mauritian epizootic many drugs were tried, but 
without success : hypodermic and intravenous injections of quinine, 
arsenious acid and Fowler’s solution, cacodylate of sodium, arrhenal, 
and intravenous injections of perchloridc of mercury in the doses 
recommended by Bacelli for the treatment of aphthous fever. 

^ [Sec footnote 2 on p. 281.] 

^ 'Cazfilbou, Reinte nihL vcf.y v. 8, 1906, pp. 401-407.] 

3 [Sec Chapter XI Tl. on Treatment. Mesnil and Martin obtained even better 
results with one of their benzidine dyes, in the case of mice infected with surra. 
This dye was nearly always successful, both in the prevention and cure of the 
infection.] 

'* Lingard,"* Report on Surra,’ v. 2, part i., Hombay, 1899, P- 
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Edington had recommended, both as a prophylactic and curative 
agent, the bile of animals which had died of surra, diluted with a 
third of its weight of gl}'ccrine. The glycerinated bile was injected 
intravenously in doses of 20 c.c. for mules and 10 c.c. for dogs. The 
results of this treatment were absolutely negative. 

E. R. Rost speaks highly of injections of goat serum in the 
treatment of surra.^ According to this observer, the trypanosomes 
of surra die in from a half to two and a half minutes in blood to 
which I per cent, of goat serum has been added. This observation 
has not been contirmed in the case of surra, and in the case of 
nagaiia, we have shown that the serum of the goat has no special 
action upon the trypanosomes. 

Human serum acts upon the trypanosomes of surra in the same 
way as it does upon those of nagana and caderas. If one inject 
I c.c. of scrum or o‘i gramme of powdered dried serum into a mouse 
weighing 15 or 20 grammes, the trypanosomes are seen to disappear 
ill twenty-four to thirty-six hours. As a rule, the parasites reappear 
ill eight to ten days.- A mouse cured of surra by a single injection 
of human serum (10 centigrammes of powdered dried serum) was 
not rendered immune, for a reinoculation with the virus produced 
a fatal infection, which ran a slightly longer course than usual. It 
is impracticable to use human serum for the treatment of large 
animals, on account of the huge doses required. 

Deixonne;* struck by the fact that the spleen is so greatly enlarged 
in surra, splenectomiii'cd dogs, and after they had recovered from 
that operation, inoculated them with surra. The result was that 
the spleenless dogs died even sooner than control dogs. We had 
obtained equally unsatisfactory results in the case of nagana (p. 125). 

Therapeutic measures, therefore, are of no avail, and all our 
efforts should consequently be directed towards preventing the 
introduction of surra into clean, uninfected countries, and towards 
stopping its spread in those districts where it is endemic, or into 
which it has been introduced. The history of the epizootics of surra 
in Java and Mauritius shows the important effect of prophylactic 
measures upon the course and severity of the disease. 

In Mauritius the nature of the epizootic was not recognised for 
several months, so that no precautionary measures were taken at 
the outset, which is just the time that such measures are most 
efficacious. Diseased animals were allowed to circulate freely, were 
sold at a low price, and scattered throughout the island. Animals 
in the last stage of the disease were left to die by the roadside. 
When the diagnosis of surra was eventually made, the epizootic had 
reached such proportions that the slaughter of all the sick animals, 

\ E. R. Rost, ‘ Report upon the Possibility of treating Surra by Injections of an 
Antiparasitic Serum* ; Journ, Path, and Bacter,^ v. 7, p. 285, June, 1901. 

I.averan, Acad, des Sc.., July 6, 1903. 

® Deixonne, Letter of Jan uar>' 29, 1903. 
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recommended by one of us, presented very great difficulties. These 
difficulties were at first ' considered insurmountable, and more 
valuable time, during which energetic prophylactic measures might 
have been adopted, was lost in tr3nng to find out methods of treat- 
ment. The Commission appointed to inquire into the methods to 
be taken to put a stop to the disease very wisely came to the 
conclusion that all diseased animals should be killed, that suspected 
animals should be isolated, and that for three months the importa- 
tion of fresh animals into the island should be prohibited. But the 
report of this Commission is dated February 16, 1903, and the 
epizootic dated from the end of 1901. 

Prophylactic measures, although belated, have yielded appreciable 
results in Mauritius. In a letter dated April 10, 1903, M. Deixonne 
writes : ‘ The disease is always most prevalent amongst the cattle of 
those owners who neglect the most elementary precautions. Where 
the systematic killing of animals and other precautionary measures 
are adopted, the epizootic subsides.’ 

In a previous letter (January 29, 1903) the same observer wrote: 

‘ I advise for horses a gauze net which protects them efficiently from 
flies, and for the stables doublcj doors fitted with wire gauze. 'J'lu: 
best method would undoubtedly be the coni|)ulsory notification of 
the disease, and slaughter, without indemnity, in the case of horses, 
but with an indemnity in the case of cattle, which we know can 
often recover.’ It is reasonable to refuse an indeinnitj^ in the case 
of equinos, in which surra is always fatal, and to give one in the 
case of cattle, which might recover, but whose slaughter is for the 
general good, seeing that the sick animals are for several months a 
source of infection to healthy animals. 

The flesh of diseased cattle mviy, without danger, be used for 
the food of 'man, when the general condition of the animals is 
otherwise satisfactory. In animals which have died of the disease 
the trypanosomes die in a period varying with the atmospheric 
conditions, but which probably never exceeds twentj-four hours. 
It is particular!)^ during the few hours immediately after death that 
the bodies of animals which have died of the surra are dangerous 
from the point of view of the transmission of the disease. If the 
bodies cannot be buried at once, precautions should be taken that 
flies cannot suck the blood from them, and that dogs, cats, and 
rodents do not come and feed on the bodies of animals that have 
died naturally or that have been slaughtered. 

During the epizootic of surra in Java in 1900 and 1901 the 
excellent prophylactic measures which were taken succeeded in 
preventing the spread of the disease, and in averting such a disaster 
as occurred in Mauritius. The nature of the epizootic was speedily 
recognised, and this enabled the authorities to adopt efficient precau- 
tions in good- time. Districts from which cases of surra were notified 
were- declared infected. All the stables were inspected, the sick 
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animals were slaughtered or isolated from healthy animals, and large 
rtres were burnt in the grazing-grounds to drive away the flics. For 
the isolation of suspected animals localities were chosen where 
biting flies were unknown or verj'^ scarce, and which were not near 
any large farms. 

In 1902 we drew the attention of the public authorities to the 
dangers with which the trypanosome diseases threaten our colonies, 
and especially Madagascar and R6union, and we pointed out the 
measures it was expedient to adopt.^ 

We recommended that the importation of animals from districts 
infected with trypanosome epizootics should be prohibited or 
rigorously supervised. Live animals imported from suspected areas 
should be carefully examined by veterinary officers on their arrival 
at the ports, and should be killed if the existence of a trypanosome 
disease in them were proved. 

Even when animals suffering from surra or nagana have been 
introduced into an uninfected district, it is still possible to adopt 
efficient measures to prevent the spread of the disease, provided the 
diagnosis be made early. The infected animals should be slaughtered 
as soon as the di.seasc is recognised, and the SHSi)ectcd animals 
should be isolated. 

According to Musgrave and Clegg, a certain number of sewer rats. 
\vi:re infected with surra at Manila, and in order to prevent the 
spread of epizootics of surra, the destruction of rats should be 
recommended. 

We see, therefore, that for prophylactic measures to be of value 
it is essential that the disease be promptly recognised, so that it is 
of the utmost importance to draw the attention of veterinary surgeons 
to the trypanosomiases, of which the prevalence in various parts of 
the world and the gravity are no longer open to question. 

At our instigation, the Academie de Mcdccine proposed on July i, 
1902, ‘that the importation into France or the French colonies of 
animals coming from localities in which surra, nagana, or otlier 
trypanosome diseases exist, be prohibited or rigorously supervised.’ 

Api'ENDi.x a. 

Lingard® has described and figured a very large trypanosome in 
the blood of cattle in India, which he used for his experiments on 
surra. He found it only in two animals, once in a bull, five days 
after a second inoculation with surra, and on four occasions in a cow, 
also twice inoculated with surra. 

In his * Report on Surra,’ v. 2, part i, p. 83, Lingard si^eaks 
also of ‘ a long and active trypanosome,’ which he found only once 
in the blood of a bull (No. 4). He makes no allusion to this 
observation in his paper on the giant trypanosome. 

^ Laveran and Nocard, Acad, dc AIM, July l, 1902. 

CcntraldLf. Bakter,, I, Orig., v. 35, p. 234. 
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The length of the giant trypanosome is from fourteen to twenty- 
three times, and the width from two and a half to three and a half 
times, the diameter of the red blood - corpuscles of cattle (see 
3^9 Ji which shows a red corpuscle under the same magnification 
as the two trypanosomes). 

The body of the trypanosome (Fig. 38, 2) usually has a swell- 

ing near the posterior end, giving rise to a tadpole or spindle-shaped 
parasite. There is a well-developed undulating membrane. Lingard 
represents a nucleus about the middle of the swollen portion. If 
w^atched for a long time in a fresh preparation, the trypanosome 
becomes cigar-shaped and then spherical. It was not seen in stained 
films. 

In all probability this parasite has no connection with the 
T. cvtinsi of surra, but its presence in these two cases was a coincidence 
(see also Chapter XL, Section i). It appears not to be infective 



ri<i. j.S. -The Giant Trvi’axo.some (je I.in(;akd. 


for animals other than bovines. The blood of the cow, at the time 
of the second appearance of the giant trypanosoma, injected into 
two guinea-^ngs (1 c.c. into each), gave rise to surra in both the 
guinea-pigs inoculated. 


AfPKNOIX 

The Trypanosomiasis of Horses in Annam. 

[This disease has been investigated locally by Vassal,- but seve;ral 
other observers had previously recorded cases of trypanosomiasis in 
various parts of French Indo-China (see p. 248). Laveran and 
Mesnil,* in Paris, have recently carried out a scries of experimental 
investigations upon this trypanosomiasis, especially with reference 
to its relation to surra.] 

[It has already been mentioned (p. 249) that the disease is 
endemic throughout P'rench Indo-China, and that it becomes 
epidemic from time to time. It affects horses almost exclusively; 

’ [The whole oi this Appendix has been added. - Eu.] 

IJ. J. Vassal, Ann. Inst. Past.^ v. 20, 1906, pp. 256-295.] 

[Laveran and Mesnil, ihid.^ v. 20, 1906, pp. 296-303.] 
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but Vassal met with one case in a cow, and Brciu records its occur 
rence in mules.] 

[Symptoms. — The incubation period in the case of the natural infection 
is unknown. In the earliest stage of the disease — the ‘latent period* — 
the animal appears perfectly well and strong, and its appetite is good ; 
nevertheless, it has fever, and trypanosomes are present in the blood. 
After about eight or ten days the disease declares itself ; the symptoms 
are remittent fever, progressive weakness and anannia, oidema of the 
limbs and abdominal walls, running from the eyes and staring of the coat, 
wasting, and sometimes paresis of the hind limbs. A diagnostic symptom 
of the third or final stage of the disease is a more or less intense dyspntea, 
due to hydro-pericardium. The temperature is nearly always subnormal 
before death. Vassal never observed diarrhoea, ophthalmia, or cutaneous 
lesions in this disease.] 

[The curve of the trypanosomes in the blood is almost parallel with 
that of the temperature. In some cases the parasites disappear temporarily 
from the bhjod; in other cases they are present throughout the disease 
The trypanosomes often disappear altogether three or four days before 
death, and post-mortem the blood may be non-infective on injection. 
The disease usually lasts thirty to forty days, and is always fatal.] 

[llrau, Saint-Sernin, and Mutin-lJoudet' describe two forms of the 
disease in Cochin-China: (i) The dry form, with progressive wasting, 
conjunctivitis, blindness, and death in tw'o to two and a half months; and 
(2) the edematous form, with a:dema of the limbs, abdomen, and genital 
organs, digestive disturbances — but no ocular lesions — and death in 
twenty days.] 

[Tiir: l^ATHocxENic AcKNTisa trypanosome very closely resembling that 
of surra. Its average length is 28 /x to 30 /*, but in the horse, ox, and guinea- 
pig longer forms (30 to 35 /a) are often seen. Laveran and IMesnil give 
its dimensions, in the blood of the rat and mouse, as 26 /x long, by 1*5 /x to 
2 fi wide ; these dimensions are hardly greater than those found by them 
fjr T. evansi. The posterior end is pointed ; motility is less than that of 
7 . lewisi. Cultures on horse-blood agar were unsuccessful.] 

[Animal Experiments. — Vassal found the trypanosome pathogenic 
for the rat, guinea-pig, rablnt, monkey, cat, stag, dog, civet-cat, badger, 
cattle, and bulhilo. In rats the incubation period was tw^o days, and death 
occurred in six to twelve days ; trypanosomes were very numerous in the 
blood.] 

[One guinea-pig died in eighteen days after intraperitoncal injection of 
horse blood, but in other cases, and after the injection of the blood of 
other animal species, the disease lasted sixty and even seventy days. 
The virulence of the trypanosome for the guinea-pig was not modified by 
passage through this animal.] 

[Rabbits were very susceptible ; the incubation period varied from four 
to eight days. A rabbit inoculated with the cerebro-spiiial fluid of a 
horse became infected after nine days, and died twelve days later. 'The 
temperature and trypanosome curves were irregular ; the animals lost 
much weight, and had uxlema, especially of the genital organs.] 

[Three monkeys (Macacus) became infected, and died in thirty-eight, 
fourteen, and thirty-four days respectively. The chief symptoms were 
intermittent fever, profound anaemia and emaciation, diarrhcca, and 
cedemas.] 

[A native cat became infected in less than five days, and died in twenty- 
four days. Trypanosomes were very numerous in the blood, and the 
animal became much emaciated.] 

^ [Brau, etc., Bu//. Chambre d^AgricAie Cochinchine^ February 10, 1906, p. 39.] 
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[A stag — youn^ male Axis of eight months — was very susceptible. It 
had remittent fever (the temperature often rising to 40° C. [104° F.]), hut 
trypanosomes were not very numerous until the last week of the infection. 
The animal died twenty- three days after inoculation. Post-mortem rht> 
body was much wasted ; the pericardium was full of fluid ; there wore 
many petechial hasmorrhages on the surface of the heart, kidneys, and 
urinary bladder. The liver and spleen were enlarged. The bladder was 
distended with about 2 litres of albuminous urine.] 

I Vassal states that other stags are found in Annam, l)ut he was 
unable to test the effect of this trypanosome upon them. If, however, it 
be found subsequently that they all react in the same way as the species of 
Axisj then it will follow that the stag in Indo-China cannot play the part 
which IJruce has attributed to it in the spread of nagana in Africa.] 

did not appear to contract the disease naturally, even when they 
frcfiuented infected stables and ate the flesh of infected horses. Blin at 
Tonkin, however, came across cases of spontaneous infection in dogs, 
especially in sporting dogs imported from France.] 

[Dogs experimentally inoculated became infected in four or five days, 
and died in seventeen to twenty-four days later. In one case, in which 
the infective blood was kept in a sealed tube for twenty-four hours before 
injection, the incubation period was twenty days, but the subsequent 
course of the disease was normal, the dog dying twenty-four days after 
the first appearance of trypanosomes in the blood. The symptoms noted 
were similar to those seen in the other acute trypanosomiases in dogs — 
irregular fever, weakness, ana?mia, and emaciation. The trypanosomes 
were present with exacerbations, and at times swarmed in the blood ; 
during the last few days they were very numerous. Post-mortem, the 
spleen was always much enlarged.] 

[Three civet-cats (Paradoxurus) died in six and a half, nineteen, and 
nineteen days respectively after inoculation. Many trypanosomes were 
constantly present in the blood, and post-mortem the spleen was enlarged, 
and there w'as much exudation in the peritoneal and pericardial cavities ] 
[Three badgers {Heliciis pierri and II, personatus) showed a marked 
susceptibility to the infection. The incubation period was two to three 
days, and death occurred in six to eight days. At death the trypanosomes 
swarmed in tlie blood of all three Einimals ; post-mortem the spleen was 
enlarged in only one case.] 

[BovidiC , — Six bovines were successfully inoculated by \"assal. Five 
of tlie animals — a calf, two heifers, an old ox, and an old cow — died of the 
infection in from thirty-four days to seven months. The sixth animal, a 
vigorous young calf, became infected in five days, but it recovered from 
the disease, and ten months later its blood was no longer infective. In 
the other animals the incubation period w^as six to eight days, and the 
trypanosomes were visible in blood-films on the succeeding three or four 
days. After this they permanently disappeared from the blood, except in 
the case of the old cow, which was in a miserably cachectic state wdien 
injected, and in which the trypanosomes reappeared on the sixteenth, 
seventeenth, and eighteenth days, and swarmed in the blood on the thirty- 
third and thirty-fourth days, just before death.] 

[The chief symptoms noted in these animals w^ere febrile attacks, 
anaemia, great loss of weight — as much as 38 per cent, in thirty-nine days 
in the case of the old cow^ — and in one case cedema and coma shortly 
l>efore death. Post-mortem, the usual signs of trypanosomiasis — serous 
effusions, subserous haemorrhages, and gelatinous oedema — were present, 
but the spleen w^as enlarged in only one case.] 

[Vassal met with one case of spontaneous infection in a young calf 
which did not appear ill. Trypanosomes, morphologically identical with 
those of the horse, were seen in the blood on two successive days, but not 
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afterwards ; and when the animal died, two months later, its blood was 
not infective for a guinea-pig or a rabbit. Such sporadic cases of bovine 
trypanosomiasis are very difficult to recognise, because the trypanosomes 
may disappear from the blood, and the latter may even fail to infect 
experimental animals. In Mauritius the mortality amongst cattle w^as 
very great. On the other hand, in India, as in Annam, surra is a very 
mild disease in cattle. Vassal concludes from this that in Annam and in 
India the trypanosomiasis is of ancient origin, and that the cattle in these 
countries have become immune.] 

[A young buffalo showed trypanosomes in its blood on the sixteenth day 
after inoculation, and, with long intervals of absence, during the succeeding 
three and a half months. The buffalo gained in weight, and was cured in 
five and a half months; its blood was then non-virulent for rats and a 
guinea-pig. In India, Java, and the Philippines, surra is pathogenic for 
the buffalo, and the disease often terminates fatally.] 

[Vfissal thinks that these mild cases of the disease in cattle and 
budaloes may be an important reservoir of the virus. The symptoms of 
the trypanosomiasis in IJovidcE are extremely slight, so that the existence 
of the disease is not suspected.] 

[Horses , — Two horses were experimentally infected by subcutaneous 
inoculation. Trypanosomes appeared in the blood in seven days. In the 
case of an old iicitive horse, which died in seventeen days, the parasites 
were almost constantly present, and gradually increased in miniber ; the 
other animal, a young colt, which died in forty-five days, showed few 
parasites in its blood except on three or four occasions when there was 
high fever (41° C., or io6*8° F.). The symptoms of the experimental 
disease in the horse are similar to those noted in spontaneous infections 
(see p. 287). Post-mortem the spleen was enlarged and softened ; myo- 
carditis, pericarditis, and effusions into the serous cavities were present, 
the bloocl was thin and watery, and the bone-marrow was embryonic in 
character.] 

[Vassal found the following animals refractory; a tortoise (fesUtdo 
clongata), a native peacock, two turtle-doves {^I'lirtur hiimilis), two pigeons, 
and two chickens.) 

[Laveran and Mesnil found that this trypanosome killed mice in 3! to 
14 days, rats in 8 to 1 1 days, guinea-pigs in 21 to 07 days, dogs in ib to 
50 days, and a rabbit in 23 days. In addition, iliey experimented upon 
three goats, two of which were immunized against Mauritian surra, 
(joat L, immunized against mbori and Mauritian surra, ^ was inoculated 
with the Annam virus, and died two and a half months later, when its 
blood was still infective, but only slightly so. Cloat 11. was twice in- 
oculated with the Mauritian surra, and subsequently twice with the 
Annam virus. The first inoculation with Mauritian surra produced a 
mild infection from which the animal recovered immunized, so that the 
second inoculation with the same virus failed to infect. Two months 
later the goat received an injection of the Annam virus, which gave rise to 
a very mild infection, lasting about a month. A second injection witVi the 
same virus failed to reinfect the goat, which steadily gained in weight, and 

looked perfectly healthy. Goat 111 . — a control experiment died in about 

three months after subcutaneous injection of the Annam virus. Trypano- 
somes we,re never seen in the blood, but this \vas, nevertheless, infective, 
for many subinoculated animals developed a fatal infection.] 

[Mode of Transmission. — Vassal made experiments with various 
insects, but in every case with negative results. He used leeches, 
fleas, lice, ticks, and several species of biting flies.] 

* [This is the billy goat mentioned on p. 221, which was used to demonstrate the 
wlentit/ of surra and mbori.] 
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[The blood of leeches which had fed on infected animals was 
infective, on injection into rats, immediately after the meal of blood, 
but not four hours later. The trypanosomes are killed off very 
rapidly in the stomach of the leech.] 

[Biting flies are very rare at Nha-trang and in its immediate 
neighbourhood. Vassal experimented with species of various genera 
— Hippohosca, Ilccmatopota, and Chrysops — but none of these flies 
conveyed the infection from diseased to healthy animals by biting 
the latter at different times (immediately, some hours, one, two, or 
three days) after feeding on infected animals. Vassal suggests that 
the role of Stomoxys, and also of other horse-flies in Indo-China, 
should be studied.] 

[Whatever the carrier of the infection may prove to be. Vassal 
thinks it is not very abundant, although fairly widely distributed 
throughout Indo-China. Its existence is ephemeral, and at Nha- 
trang coincides with the early part of the rainy season.] 

[Diagnosis and Prevention. — The recognition of the disease is 
often very difficult because the trypanosomes may disappear from the 
blood for some days before death, and the inoculation of susceptible 
animals may even fail to infect. This is particularly the case with 
cattle and buffaloes, which, as we have seen, ma}' be only very 
slightly afl'ected, and show trypanosomes in the blood on one or two 
occasions. It is probable, says Vassal, that the blood of oxen or of 
buffaloes is the reservoir of the virus, and that the epizootic spreads 
to the more susceptible horse, when the virus is taken in by the 
appropriate fly. As a precautionary measure he suggests that cattle 
should not be penned up near stables in which horses are kept, and 
that as soon as a horse is known to be infected it should be killed.] 
[CoMrAKisoN WITH SuRRA. — Lavcraii and MesniP conclude, from 
the morphology of the trypanosome, as well as from the evolution of 
the natural disease in Equidje and of the experimental disease in 
various mammals, that the trypanosomiasis of Nha-trang does not 
differ from surra in any essential characteristic. Like surra, it is 
probably conveyed by Tabanida?. Further, the Annam epizootic is 
geographically connected with the Indian, by means of the endemic 
areas of Laos, Tonkin, Yunnan, and Burmah.J 

[The iminiinization and cross-inoculation experiments with goats, 
already mentioned, gave somewhat discordant results. Goat L, im- 
munized against surra, succumbed to the Annam virus, whereas goat II., 
also immunized against surra, contracted only a mild infection. The normal 
(control) goat died of the infection in three months, so that this virus is very 
pathogenic for goats, which may explain the fact that goat I. succumbed 
to the infection, although immunized against surra.] 

[Laveran and Mesnil are of opinion that this trypanosome is allied to 
that of surra — either a variety or a special race — and that this trypano- 
somiasis is not a distinct disease, like nagana, for example. They adduce 
further evidence in favour of this view. The serum of goat II. (immunized 

^ [Laveran and Mesnil, A^n. Inst. Past.^ v. 20, April, 1906, p. 302J 
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against Mauritian surra and the Annain trypanosomiasis) protected mice,' 
either completely or partially, against the trypanosomes of surra and of 
Nha-trang, but not at all against that of nagana. Conversely, the serum 
of a goat immunized against nagana protected mice against T, briicci, but 
not against the Nha-trang virus.] 

In a later paper- Laveran and Mesnil state, however, that the 
tr)^panosome of Nha-trang is different from that of Indian surra. 
This opinion is based on the fact that the scrum of a goat immunized 
against nagana and Indian surra failed to protect mice, even 
partially, against the Nha-trang virus.] 

I [In these e.\periments the serum was mixed in a tube with the trypanosome- 
containing blood, and after one or two ininute.s the mixture was injected subcu- 
taneously into a mouse. ‘ Complete protection* inejins that no infection followed ; 
‘partial ])rotection' means that the incubation period and the total duration of the 
disease were l*>nger than in control mice.] 

“ [Laveran and Mesnil, C. /i\ Acmi. Sc.^ v. 14*2, June 25, 1906, p. 1482.] 
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CHAPTER IX 


CADERAS 

Pathogenic Agent: Trypanosoma eqiiimmiy Voges, igoi. 

Symnyms : Peste de cadeiras (Brazil); Mai de caderas, Turn by-baba or 
Tumby-a (Paraguay, Argentine); Flagellosis of Equidse ; Try- 
panosomosis of Equidjr, etc. 

Section 1. — Historical. Geographical Distribution. 

Mal de CADERASf or, briefly, Caderas, is an epizootic of equines 
occurring in South America. The trypanosome which is the causal 
agent of the disease was discovered by Dr. Elmassian, Director of 
the Bacteriological Institute in Asuncion, the capital of Paraguay.' 
This discovery was speedily confirmed in Voges’ laboratory in 
Buenos Aires, where the disease had been studied for some time. ■ 
Important papers upon this subject have been published by Voges,’* 
Lignieres,'^ Sivori and Lecler,'^ and Elmassian and Migonc.** Owing 
to the kindness of Drs. Elmassian and Lignieres, who sent us infected 
animals, we have been able to study in Paris the trypanosome of 
caderas and its pathogenic action upon various animals. 

According to Lacerda, caderas was imported into the island of 
Marajo, close to the mouth of the Amazon, and from there it spread 
as far as the State of Matto Grosso. This much is certain, that 
since i860 caderas has caused such great ravages in this particular 
State that all the horses have disappeared, and the natives have been 
obliged to use cattle as draught animals, and even for riding, young 
bulls being trained for this purpose. At the present time the disease 
has greatly extended ; it occurs in parts of Brazil and Bolivia, 
throughout Paraguay, in the Argentine territories of the Chaco, 

^ Elmassian, Lecture given at the National Hygienic Council, May 19, 
Asuncion, 1901. Revista de la Sociedad vied. a^^cnL, 1902, v. 10. 

^ Voges, BerL Heriir^tL Woch,, October 3, 1901. Zabala (with Malbran and 
Voges), Anales d, Departem, nac, de Higienc, Buenos Aires, IX, November, I90f* 

^ Voges, Zeiischr, f. Hyg., 1902, v. 39, fasc. 3. 

* Lignieres, de la Sociedad med. argent,, 1902, v. ro, p. 481. s 

® Sivori and Lecler, ‘Le Surra americain,*or Mal de Caderas,’ Buenos Aires, 
October, T902. 

^ Elmassian and Migone, Ann, Inst, Past,, 1903, p. 241. 
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Formosa, and Misiones, and in the Argentine provinces of Corrientes, 
Santiago del Estero, and Catamarca. 

The epizootic is most prevalent in the marshy districts and 
during the months that it rains least (April to September). 

Section 2,— Animals susceptible to Caderas. Symptoms and 
Course of the Disease in the Equidse and other Mammals. 

Caderas occurs naturally almost exclusively amongst horses,^ but 
is inoculable into a large number of other mammals. The disease 
may run an acute or subacute course, leading to a fatal termination, 
or it may be chronic and end in recovery. The following mammals 
have been successfully inoculated with caderas, those mentioned 
first in the list suffering from the most acute and severe forms of the 
disease : mouse, rat, otter, hedgehog, dog, cat, capybara, coati, 
monkey, horse, mule, donkey, rabbit, guinea-pig, sheep, goa.t, pig, 
and ox. According to Voges, the disease is inoculable into fowls, 
ducks, and turke3's, but no other observer has succeeded in infecting 
birds with the tr}'panosome of caderas, and we ourselves always 
found that inoculations into fowls gave negative results. 

We shall first study caderas in the horse, since it is essentially a 
disease of the Equidae, and in them may give rise to very serious 
epidemics. 

EguiD.ii:. — We have already seen that in certain parts of South 
America it is so difficult to keep horses alive that cattle have to be 
used for riding purposes. The cavalry regiments sent into the 
Chaco against the Indians lost a large number of horses and mules 
from this disease. Voges mentions the case of a regiment which in 
June received 600 horses, of which only 100 were alive in the follow- 
ing November. 

The mule and donkey, especially the latter, are more resistant 
than the horse. 

The first sign of the disease in horses is wasting, which rapidly 
progresses in spite of a good appetite. The temperature is often 
raised to 40° or 41° C. [104° to ioy 8 ° F.]. After a variable time it 
is noticed that the hind-quarters are weak, and that the animal drags 
its legs, the hoofs grazing the ground. These symptoms increase 
and become characteristic, so that when the animal is made to walk 
it staggers along, the hind-quarters swaying from side to side. On 
account of this symptom the name tnal de caderas^ or disease of the 
hind-quarters, has been given to the disease. There comes a time 
when the animal is unable to stand : if in a stable, it leans up against 
a wall or seeks other support ; if in the open, it staggers and falls. 
After thus falling to the ground an animal may still live for several 
days if it be fed ; otherwise the inevitably fatal end is hastened by 
inanition. 

^ Elmassian, during a recent severe epizootic of caderas, saw several cases of 
spontaneous infection in dogs (letter of February 28, 1904). 
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Fever is irregular (see Fig. 39), with elevations — which may reach 
41*^ or 4I‘8° C. [106® or 107® F.] — and remissions, during which the 
temperature may fall as low as 35® or 36® C. [95° to 97° F.]. 

According to Elmassian, the urine is always affected, and 
albuminuria and hiematuria are frequently observed. The latter, 
which is usually very slight and discernible only with the micro- 
scope, is sometimes severe. Sivori and Lecler never met with 
haematuria, although they studied more than thirty cases of the 
natural infection. Authors agree in stating that trypanosomes are 
not found in the urine even when there is haematuria. Lignieres 
never found living trypanosomes in the urine, the parasites un- 
doubtedly dying very quickly in this medium. 

The skin, particularly of the neck, shoulders, and hind-quarters, 



Fig. 39.— Caderas in a Horsk-— Acute Form. 

On January 31, 1902, 20 c.c. horse blood, which did not sliow any parasites on micro 
scopical examination, wore injected intravenously, and the animal died in thirty- 
four days. (Figure borrowed from Lignieres.) 

is often the scat of a slight weeping eruption ; the patches, which 
are 3 to 4 centimetres [i to li inches] in diameter, are covered with 
small scabs, and the hair falls out in those places. 

There are fugitive swellings, chiefly over the joints, but never the 
well-marked and persistent cedematous swellings as in nagana. 
There are no lesions of the genital organs even when horses are 
inoculated upon excoriations on the penis (Elmassian). 

There is slight oedema of the eyelids, accompanied by con- 
junctivitis and chemosis. Interstitial keratitis, hypopyon, and 
plastic iritis are fairly frequent complications. Horses in which the 
symptoms of paresis appear usually die in one or two months. 

Caderas sometimes runs a chronic course in the horse. Ac- 
cording to Elmassian, this is the form of the disease which occurred 
in epizootics in Paraguay, and was known by the name of Baacy-poy. 
The disease is insidious, and for several months may show itself 
only by the wasting of the animals affected. Paresis, although 
occurring very- gradually, is nevertheless characteristic. The micro- 
scopical examination of the blood does not show the presence of 
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trypanosomes, but on injecting the blood into susceptible animals, 
a typical infection results.^ 

The disease is always fatal in the Equidfe, whether its course be 
acute or chronic. In horses injected subcutaneously or intra- 
venously with virulent blood, the duration of caderas varies from 
one to four months. From Lignieres’ experiments it would appear 
that the shortest duration of the experimental disease in the horse is 
thirty-four days, the longest 134 days. 

Trypanosomes appear in the blood from the fifth to the eighth 
day after inoculation, and this is accompanied by a considerable rise 
of temperature. During the course of the disease these febrile 
attacks may recur repeatedly, and the multiplication of the parasites 
occurs similarly, with exacerbations, in the intervals between which 
the blood examination is often negative. Elmassian and Voges have 
shown that the number of parasites becomes greatly diminished when 
the horse’s temperature reaches 41° C. [io5'8° F. |. Anaemia is com- 
mon, but is not so marked as in other haemato;?:oal diseases, notably 
the piroplasmoses. 

The severity and course of the disease depend a good deal upon 
the age and breed of the animal ; for example, young horses, those 
which are suffering from other ailments, and well-bred animals are 
less resistant to caderas than adult healthy horses of common breeds 
(Lignieres). 

In describing the experimental infection in animals other than 
Equidai, we shall follow the order mentioned above namely, that of 
diminishing susceptibility to the virus. 

Caderas is easily inoculated into animals, and in the susceptible 
species infection always follows an injection. These we have 
usually given subcutaneously, but intravenous and intraperitoneal 
injections shorten the incubation period. Only a small quantity of 
the virus need be inoculated, but the number of trypanosomes in- 
jected has a distinct influence upon the course of the infection. 
Thus if the blood of a mouse containing very few tr}'panosomes be 
used for injection, the incubation period will be a long one, and the 
total duration of the disease will be ten days or more. If, on the 
other hand, a large dose of blood containing man}^ parasites be in- 
jected, the incubation period will be very short, and death may often 
occur on the fifth day after inoculation. 

Mice. — After the subcutaneous injection of virulent blood into 
white mice, trypanosomes appear in the blood on an average at the 
end of two and a half days, and the duration of the disease from the 
time of inoculation is six days (maximum eight and a half days, 
niinimum three and a half days). After intraperitoneal injection, 
parasites appear in the blood in thirty or forty hours, and the disease 
lasts five days. Grey mice are a little more resistant than white. 
When blood containiiig very few trypanosomes (as from a goat or 
^ Elmassian and Migone, A/i/i, Jnsf, Pasf.^ April 25, 1903, p. 254. 
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sheep suffering from caderas) is injected, the incubation period is 
prolonged to six days, and the disease lasts ten days (maximum 
nineteen days, minimum six and a half days). 

In mice infected with caderas the trypanosomes, as a rule, 
increase regularly up to the time of death, when they are very 
numerous in the blood. We have, however, seen several exceptions 
in the case of mice inoculated with the blood of ruminants. The 
trypanosomes, fairl}' numerous on the seventh day after inoculation, 
for example, ma)' be scanty or possibly absent on the eighth or 
ninth day, but soon afterwards they multiply in the usual pro- 
gressive manner until death. Towards the end of the disease the 
mouse sits huddled up w’ith its hair bristling, and paralytic 
symptoms occur shortly before the invariably fatal termination. 

[Jakimoff,^ Halberstaedter,- and Thomas and BreinF have also 
studied the pathogenic effects of the trypanosome of caderas upon 
various experimental animals.] 

[JakimofF found that caderas ran a more rapid course in mice and rats 
than Lignieres had found in his experiments already mentioned. Possibly 
this increased virulence noted by Jakimoft* was due to the fact that liis 
trypanosome had been passed through animals a greater number of times. 
Thus in mice the incubation period was fifteen to twenty hours, and death 
occurred in one to two days after intraperitoneal inoculation. After sub- 
cutaneous injection the incubation period was one to two days, and death 
occurred in four to five days.] 

[Halberstaedter found the blood of mice infeciive even during (he inctiha- 
tion peviod. Thus, a mouse injected intra peri ton eally with rabbit’s blood 
did not show any trypanosomes in the peripheral circulation until thirteen 
days later, but already on the second day after the intraperitoneal inoculation 
its blood was infective for another mouse (incubation period nineteen 
days, death two days later). Halberstaedter also found that the blood of 
a mouse undergoing treatment with trypanred, although containing active 
trypanosomes a» day or two after the injection of the dye, gave rise to 
an infection after a very long incubation period — sometimes as long as 
four weeks — on injection into animals. Ehrlich and Shiga have suggested 
that the injection of trypanred gives rise to the formation in the body of 
antiparasitic substances, but an experiment of Halberstaedter’s proves 
that such is not the case.] 

[Thomas and Breinl found that white and grey mice became infected 
somewhat earlier than rats, and that the duration of the disease was 
slightly shorter. Rats and mice inoculated with blood from animals 
undergoing treatment with arsenic, and especially during the early stage 
of such treatment, developed the disease after a prolonged incubation 
period.] 

Rats. — In w'hite or speckled rats the incubation period is three to 
four days, and the average duration of the disease is seven and a half 
days after subcutaneous inoculation. After intraperitoneal inocula- 
tion the course of the disease is a little more rapid. In rats inoculated 
intraperitoneally with the blood of a goat or sheep containmg very 

^ [VV. L. Jakimoff, Centralb,/. Bakter,^ I, Grig., v. 37, p. 668.] 

[L. Halberstaedter, Centralb.f, Bakter,^ 1 , Grig., v. 38, p. 525.] 

® [Thomas and Breinl, Thompson Yates and Johnston Lab, Reports^ v. 6, 
part .ii., 1905, p. 35.] 
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fav parasUcs, the average duration of the incubation period was eight 
days and of the total infection sixteen days (maximum twenty-one 
days, minimum seven and a half days). Ligniercs states that 
speckled rats are more resistant than white, and the grey most 
resistant of all. A sewer rat we injected with caderas died in twelve 
days. According to Voges, grey rats sometimes recover from the 
disease; in white and speckled rats it is always fatal. Tlie parasites 
increase in number in the blood until the time of death, when they 
are always very abundant. The symptoms preceding death are the 
same as in the mouse ; we have never seen death occur suddenly, as 
sometimes happens in rats with nagana. 

[In white and grey rats JakimofT found the incubation period to be 
nineteen to twenty-four hours, and the total duration of the disease three 
and a half to four and a half days, after intraperitoneal inoculation. After 
subcutaneous injection the incubation period was two to three days, and 
death occurred in five to eleven days. Thomas and Breinl obtained similar 
results in the rats they inoculated, but the incubation period after intra- 
peritoneal injection was rather longer in their animals (thirty-six to sixty 
hours) than in jakimofPs.] 

Field-Mice {Arvicola arvalh ). — A field-mouse showed trypano- 
somes in its blood thirty-six hours after intrapcritoneiil inoculation. 
Two others inoculated subcutaneously showed the parasites on the 
second and eighth days resi)ectively after inoculation. These 
animals died so rapidly that it was not possible to study the com- 
plete course of the disease in them. The great variability in the 
length of the incubation period depends probably upon individual 
variations in the susceptibility of the animals to caderas (c/. nagana* 
in guinea-pigs). 

HEDiiEiiOGS. — The hedgehog (Erinaccus ciiropa:m) is very sus- 
ceptible to caderas. Two hedgehogs injected with the blood of an 
infected guinea-pig died in six and nine days, with very many 
trypanosomes in the blood. 

Otters. — Two otters {Nutria sp. ?) inoculated with caderas by 
Voges died in ten days. 

Mulita. — The mulita (armadillo, Tatiisia hybrida) is very sus- 
ceptible, dj'ing in ten days according to Lignieres. 

Monkeys. — Monkeys are likewise very susceptible to caderas. 
The disease lasts from seven to fifteen days according to the amount 
of blood injected. In Nyciipithecus felinm the incubation period was 
from three to five days, and the disease lasted five to eight days 
(Elmassian and Migone). 

On October 8, 1902, we inoculated a monkey {Cercopithecus 
fidiginosnsy or closely allied species) subcutaneously with blood from 
a mouse with caderas. The monkey’s temperature at the time was 
38-5° C. [101-4'^ F.]. On October 13 a few trypanosomes were found 
in the blood and the temperature was raised. From the 14th to the 
i6th the temperature remained at about 39® to 39*3® C. [i02'2® to 
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io 2'8® F.], and the trypanosomes gradually increased in number. 
From October 17 the temperature began to fall, and on the 20th was 
357 *^ C. [96*3° R], which was much below the normal. On the 19th 
trypanosomes were fairly numerous in the blood, but on the 20th 
and 2 1st the blood examination was negative. The monkey died 
during the night of October 21-22, the disease having lasted thirteen 
and a half days. 

In monkeys a subnormal temperature before death is usually 
found in caderas and nagana, as in the infection produced by 
T. gambicjjsc. 

Dogs. — After subcutaneous inoculation trypanosomes appear on 
the fourth or fifth day. In our experiments the average duration 
of the disease was thirty-six days. The multiplication of the 



Fig. 40.— Tkmj'Ekature Chart of a Dog i\ocrLATi:i) o\ FKfiKUAitY 12, 1902, 
Intravenously with J c.c. 1 G\t’s J 5 looi) containing many Trytanosomes ok 
Caderas. Death tn Fokty-Ekhit Days. (Ligniekes.) 


trypanosomes in the blood of the dog is not so regular as in the 
foregoing animals. There arc exacerbations in the intervals between 
which the parasites sometimes become very scanty, but these 
intervals are always short. At the time of death trypanosomes are 
numerous or very numerous in the blood. 

The only constant symptoms are wasting and a variable degree 
of fever, the latter occurring especially wfith the appearance of 
trypanosomes in the blood (see Fig. 40). 

When the disease does not progress very rapidly, there is often 
oedema of the sheath and scrotum, conjunctivitis, iritis — sometimes 
double, with hypopyon, which may lead to total blindness — and, in 
the last stages, paresis of the hind-limbs. The disease is always 
fatal in dogs. 

[In JakimofFs dogs the incubation period, after subcutaneous injection, 
was two to four days, and death occurred in seven to sixteen days — much 
more quickly than in Lignidres* and Laveran and Mesnil’s experiments. 
The trypanosomes became progressively numerous, and the chief symp- 
toms were somnolence, paresis, and eye troubles.] 

. RABniTS.-ar-In rabbits inoculated subcutaneously trypanosomes 
appear in the blood in four or five days. The average duration of 
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the disease in the rabbits inoculated by us in Paris was thirty-three 
days (maximum, forty-six days). Voges gives the duration as 
from one to three months. Trypanosomes are scanty or very 
scanty in the blood of rabbits infected with caderas. 

The general symptoms are wasting and febrile paroxysms. The 
commonest local symptoms arc: blepharo-conjunctivitis ; cedcma at 
the root of the cars, with partial loss of hair ; coryza, with swelling 
and excoriations of the nostrils ; swelling in the region of the anus 
and vulva ; and swelling of the testicles, or even orchitis. The eye 
lesion is a grave complication if the animals are not well looked 
after, for the ej clids become stuck together, and pus accumulating 
beneath them, the corneai become inflamed. Blindness may result, 
which prevents the rabbit from feeding itself properly, and so 
hastens the hital issue. The eyes should be bathed every 
morning with boracic lotion ; by so doing this complication may be 
avoided. 

Lignieres states that the cedcma fluids in the rabbit often contain 
more trypanosomes than the blood. 

[Jakimoff’s rabbits developed a more acute infection than did those of 
Lignieres. After intravenous inoculation the incubation period was less 
than twenty-four hours, and death occurred in twenty-two days ; after 
intraperitoneal injection the incubation period was two days, and death 
occurred in fifteen to seventeen days.] 

[Thomas and I^>reml found the average incubation period four to five 
days; the total duration was sixteen to fifty -nine days. In a few rabbits 
the trypanosomes were fairly numerous in the blood • ten or fifteen in a 
field — but most rabbits showed very few parasites. Fever was irregular; an 
initial rise to 106° or 107° F. (41° to 41 *6° C.) was noted on the fourth or fifth 
day in some cases, but, as a rule, the temperature did not exceed 104® F. 
(40® C.). In addition to the symptoms mentioned above, loss of flesh and 
a somewhat marked anajmia were noted. In animals that were treated 
with atoxyl, the ajdema and the urethral, nasal, and ocular discharges soon 
disappeared, and the hair began to grow again over the bald patches. One 
rabbit treated with atoxyl was still alive eight months after injection and 
appeared in perfect health.] 

CAPvr.ARA {Ilydrochcvrus capybara ). — In this large rodent, which is 
common in Uruguay and in certain parts of the Argentine, and 
which appears to play some part in the spread of caderas, the 
incubation period lasts ten days, and the total duration of the 
disease is from one to two months. During the last stages paralytic 
symptoms occur. 

CoATi {Narica nasna, Lin.). — In two coati inoculated with 
caderas by Lignieres, death occurred in twenty and forty-seven days 
respectively. Elmassian records a longer duration of the disease in 
this animal. 

The chief symptoms are : wasting, amemia, swelling of the face, 
Weakness, and, in the last stages, paresis of the hind-limbs. Try- 
panosomes are present in the blood almost constantl)^ and often in 
§reat numbers (Lignieres) ; they increase with exacerbations. 
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Guinea- pigs. — After subcutaneous inoculation trypanosomes 
appear in the blood at the end of nine days, on an average. The 
average duration of the disease was, in our experiments, eighty-four 
days (maximum 120, minimum 29). The trypanosomes multiply 
irregularly, and during the exacerbations they may be numerous 
in the blood, whereas in the intervals they may be so scanty as 
not to be found on microscopical examination. 

At first the guinea-pig shows no symptoms of disease, but eats 
well and often gains weight. Later on there is wasting, and in 
some cases localized swellings occur about the head and the region 
of the anus and vulva. Double blepharo-conjunctivitis, with opacity 
of both corne^e, was very marked in one of our guinea-pigs, which 
died on the 136th day of the disease. All the guinea-pigs inoculated 
by us with cadcras have died ; but, according to Voges, these animals 
may sometimes recover. 

[In the guinea-pigs inoculated by JakimofF the incubation period was 
two to three days (in one case it was only twenty-four hours) after intra- 
peritoneal injection, and three to nine days after subcutaneous injection. 
Death occurred in eleven to thirty-nine days after the former method of 
infection, and in twelve to twenty-six days after the latter. Some of the 
guinea-pigs Jiad to be injected several times before they l)ecame infected.] 

[Thomas and Breinl found the incubation period after intraperitoneal 
and subcutaneous inoculation to be 6 to and 8 tt) 10 days respectively. 
The disease lasted from 22 to 153 days, the average being 75 to 90 days 
for adults, and 30 to 46 days for young guinea-pigs (300 grammes). Most of 
the animals liad trypanosomes in their blood almost constantly, but occa- 
sionally the parasites nearly disappeared, especially after a marked 
exacerbation. There was a slight rise of temperature with the first 
appearance of trypanosomes in the blood, and afterwards the fever became 
irregular. Three animals had paresis of the hind-limbs one or more days 
before deatli. Of forty-tliree guinea-pigs infected and untreated not one 
survived.] 

Cats. — According to Lignicres and Elrnassian and Migonc, 
kittens die in from fifty to eighty days, while full-grown cats live 
for a long time, although the parasites are often numerous in their 
blood. Lignieres mentions the case of a cat which, eight months 
after infection, did not show any signs of disease. [In a later paper*^ 
he mentions that this cat died two years and seven and a half 
months after inoculation.] 

The chief symptoms in the later stages arc wasting and anaemia. 

[In full-grown cats Jakimoff noted an incubation period of four days, 
and a total duration of one month. Thomas and Breinl found the incuba- 
tion period to be 6^ to 8 days in kittens and 7 to ii days in cats. Kittens 
died in 30 to 56 days, adult cats in 2^ to 6 months. With the first appear- 
ance of parasites in the blood there was a rise of temperature. In kittens 
the temperature usually remained high, and trypanosomes were almost 
constantly found in the blood. In cats the temperature curve was more 

1 [Lignieres', Report to Path. Section of Eighth Internal. Congress of Vet. 
Med., Hudaifest, September, 1905 ; abstract in />V///. Ins/. Past (Slesnil), v. 3t 
p. 946.] 
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irregular — with sharp rises to 104° or 105® F. (40® to 40-6® C.) — and try- 
panosomes were rare in the blood, except during the febrile paroxysms, 
aildema and discharges from the eyes, nose, and genitals were rarely 
observed.] 

Pig, Sheep, Goat, Cattle.—As a rule, these animals do not 
exhibit any symptoms after inoculation with caderas, so that several 
observers have looked upon them as refractory to the disease, 
especially as their blood usually fails to show any trypanosomes on 
microscopical examination. These animals really contract the disease, 
but in a very mild form which nearly always ends in recovery. On 
taking the temperature of inoculated animals, it is found that there 
are occasional elevations, and on inoculating the blood into very 
susceptible animals, such as mice and rats, typical infections are 
produced. Trypanosomes, therefore, arc present in the blood, but 
in such small numbers that they nearly always escape detection by 
the microscope. 

We have inoculated with caderas two sheep, one of which was 
immunized against nagana; one goat (Goat I.), which for six months 
had been immunized against nagana, and had since received large 
doses of blood containing many T, hrucei ; a young goat (d) weigh- 
ing 14 kilogrammes; and a kid (?) weighing 8.] kilogrammes 
(Goat II.). 

Only one of these animals died — namely, the sheep which was 
immunized against nagana. It died sixty-six days after inoculation, 
and at the time of death its blood was virulent in doses of /o c.c. 
The other animals all remained perfectly well. They increased 
regularly in weight, had no ri.se of temperature on the days imme- 
diately succeeding the inoculation, and never showed any parasit.es 
in the blood on microscopical examination. At first the blood was 
virulent for mice in doses of -jV c.c., with an incubation period of 
live days. At the end of three months this dose was either not 
infective or gave rise to a chronic infection in mice after a prolonged 
incubation period. Later still, towards the end of the infection, as 
much as 3 c.c. of blood did not infect a rat. We considered animals 
cured when 8 c.c. of their blood injected into rats failed to infect. 
The sheep remained infected for four and a half months, the three 
goats for five to five and a half months. 

In the pig the blood is still virulent two months after inoculation 
with caderas. 

In cattle the blood is virulent for several months. 

Animals which survive an attack of caderas arc immunized 
against the disease, and they can be injected with very large doses of 
the virus without becoming reinfected. 

[Jakimoff also injected a goat, which never showed tr}4)anosomes 
in its blood, but this was infective four months after inoculation. 
The goat died in six months, the only symptom being slight wasting.] 

[Frogs and pigeons are immune (Jakimoff) ; so also arc geese 
and fowls (Mesnil and Martin).] 
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Section 3.— Pathologfical Anatomy. 

Apart from anaemia, which is more or less marked, there is no 
lesion which is constantly found in the different species of animals 
susceptible to caderas. 

[In addition to the loss of hajmoglobin and the changes in the number 
of the corpuscles (marked diminution of red, considerable increase of 
white, especially lymphocytes), Jakimoff^ observed a diminution in the 
alkalinity of the blood. Thus in one dog infected with caderas the 
alkalinity fell from 0*64 per cent, to 0*24 per cent, two days before death. 
He found also that, as in nagana, the cerebro spinal, pleural, peritoneal, 
pericardial, and oedema fluids and the bile all contained trypanosomes, 
whereas the urine was always negative. Mayer- noted marked lipaunia 
in caderas dogs, the blood containing 0-3 to 0*5 per cent, of fat.] 

The swelling of the spleen, which is always found in rats, mice, 
and dogs after infection with caderas, is only slightly marked in 
guinea-pigs and absent in rabbits. 

In mice, average weight 24 grammes, the average weight of the spleen 
was o‘ 84 gramme (maxima, 1 gramme and i j grammes). 

In rats, average weight 215 grammes, average weight of spleen was 
2 grammes (maximum, 3 grammes). 

In a dog weighing 47 kilogrammes the spleen weighed 36 grammes ; 
in two others of 12 and 25 kilogrammes the spleens weighed respectively 
109 and 345 grammes. 

In the monkey mentioned above, weighing 1,265 grammes, the spleen, 
which was large and diffluent, weighed 14 grammes. 

In guinea-pigs, \veighing about 500 grammes, the average weight of 
the spleen was 2 grammes (maximum, 5 grammes in a guinea-pig of 
670 grammes ; minimum, 072 gramme in a guinea-pig of 400 grammes). 
In one case the spleen weighed 12 grammes, but it w^as the seat of a large 
infarct, which had led to rupture of the organ. 

In rabbits of about i.J kilogrammes the spleen weighed only 
I ’68 grammes, or less than it does in rats 215 grammes in weight. 

In the horse the spleen is congested and increased in size, and 
the mesenteric glands arc also enlarged. Nephritis and interstitial 
hiemorrhages are common. There is often fluid in the peritoneal, 
pleural, and pericardial cavities, and a yellowish gelatinous exuda- 
tion in the spinal canal (Elmassian and Migone). 

[In cats Thomas and TBreinl found the spleen and lymphatic glands 
somewhat enlarged. In kittens the gland-juice often contained many 
trypanosomes.] 

[Halberstaedter, who studied the tissue changes and the distribution 
of the parasites in the tissues and organs of animals experimentally infected 
with nagana, dourine, and caderas (see Chapter VI.), found that the tissues 
did not stain nearly so well in caderas as in the other two diseases ] 

[Sauerbeck^ observed the remains of trypanosomes inside the large 
mononuclear and polymorphonuclear leucocytes of the bone-marrow of a 

* [Jakinioflf, Centralb,/, Bakter,^ I, Ref., v. 38, 1906, p. 13 ; ibid^^ Orig,, v. 37 » 
p, 668.] 

® [Mayer, Zeitsckr. f Exp, Path, u, Ther,^ v. i. 1905.] 

. [E. Sauerbeck, Zeitsehr, f u. Infcctionskr,^ v. 53, 1906, p. 512.] 
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caderas rat. He made a similar observation in the case of a nagana 
guinea-pig, and is convinced of the great importance of the macrophages 
in the engulfment of trypanosomes.] 


Section 4. — Pathogrenic Agent. ^ 

Voges called the trypanosome of cadcras Trypanosoma equina^ 
which should be changed to Trypanosoma cquimim, Trypanosoma being 
neuter.'^ 

In fresh blood T. cquimim very closely resembles T. cvansi and 
l\ brucei ; it is only in preparations which are well fixed and stained 
that one is able to distinguish between them. T. cqtiinum is very 
active when the blood is drawn, but in ordinary fresh preparations it 
loses its motility fairly quickly. In animals with many trypanosomes 
in their blood the movements of the parasites usually become 
sluggish during the few hours immediately preceding death, probably 
owing to the asphyxial condition present. 

T. cquimim is 22 to 24 /a long, by about 1*5 /i, wide; but parasites 
undergoing division may be 28 /Jt to 30 long, by 3 /x to 4 /x wide. In 
the ordinary forms the flagellum measures about 5 /t. The parasite 
has the same length in different species of animals, measurements 
made in the case of the mouse, rat, monkey, guinea-pig, dog, and 
horse giving us identical figures. 

The most important differential characteristic of T. cquimim, as 
compared with the allied species, cvansi, briicci, and eqitipcrdnm, is the 
peculiar appearance of the centrosome (see Fig. 41, /, and Fig. 5, 
in the coloured plate). Whereas in the trypanosomes of the type 
evansi the centrosome is very obvious, and stains a deep purple by. 
the ordinary method, in 7 \ cquimim it is so insignificant thiit some 
observers have denied its existence altogether.'* It docs exist, how- 
ever, but it is very small and stains the same colour as the flagellum, 
which makes it all the more difficult to distinguish. The centro- 
some, which measures about i /x in T. brucei and T, cvansi, is at the 
most ^ fjL in T. cquimim, so that this trypanosome can be readily 
distinguished from the allied species by the different appearance of 
the centrosomes in well-stained preparations. 

We inoculated both caderas and nagana into a mouse, with the 
result that the two infections developed simultaneously, nagana 
preponderating. Owing to the difference in the appearance of the 
centrosomes, it was easy to distinguish the trypanosomes of cadcras 
from those of nagana in stained specimens of blood. 

^ See the references given in Section i ; also A. Bachmann and P. do Elizalde, 
A 71. d. circtilo 77iedico ari^cfittno, March 31, 1903. 

*'* Recently Lignicres has suggested the name T. €h7uisstani, which cannot, 
however, be adopted. 

. Ligni6res, op, at. He admits that the beginning of the flagellum is some- 
times a little sw'ollen and rounded. It is just this thickening at the origin of the 
hagellurn— -which is more constant than he states— ihai constitutes the rudimentary 
centrosome of T. equifiii77t. 
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The nucleus, undulating membrane, and flagellum have almost 
the same appearance as in T. evansi. The chromatic granules in tlie 
protoplasm vary considerably in number; in rats and mice they 
are more numerous in the last stages of the disease than they are at 
first. 

Multiplication is nearly always by equal binary fission. As a rule, 
the centrosome and the adjacent part of the flagellum are the first 
to divide (see Fig. 41, 2, j). The nucleus divides later and at the 
same time as the rest of the flagellum. At this stage the parasite, 
which is twice as wide as a normal trypanosome, shows two nuclei, 
two centrosomes, two undulating membranes, and two flagella; 
finally the protoplasm divides. Sometimes parasites with three or 
four nuclei are seen (Fig. 41, 4, f). Evidently in such cases the 
nucleus and centrosome have divided again, before division of the 
protoplasm has taken place. 


I 

Fk;. — ^Trypanosome of Capera.s. 

I. T, equinum, normal form. 2, 3. Ordinary innltiplicalion forms, simj)lc l'is.sion ; 2 
shows an early staj^e in division. 5. Less common forms, dividin;jf into three anti 
four parasites. (Magnified about 2,000 diameters.) 

According to Lignieres T. eqiiinum may be kept alive for three 
days in the ice-chest. At the ordinary laboratory temperature it dies 
more quickly. The vitality of the trypanosomes is greater in blood 
mixed .with serum than in pure defibrinated blood. The serums of 
different animals behave rather differently in this respect. Lignieres 
found in his experiments that the mixture with fowl serum gave the 
best results, the trypanosomes surviving eleven days ; next come the 
serums of the horse and sheep (six days) ; rat, ox, and frog (live 
days); pig, cat, and dog (four days); man, guinea-pig, and raljbit 
(about three days). 

Lignieres obtained well-marked agglutination of the trypano- 
somes of caderas with the normal serums of the sheep, pig, rabbit, 
and horse. Even better results were obtained with the serums of 
oxen, sheep, pigs, and cats infected with caderas. The normal 
serums of the ox, man, rat, and cat were only feebly agglutinating, 
while those- of the frog, fowl, guinea-pig, and dog did not agglu- 
tinate at aff. 
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The trypanosomes of caderas agglutinate, like 7 . Irajm and 
7 ’. hyucei, by their posterior ends. The rosettes which are thus 
formed are smaller and looser than those obtained with T. lewisi. 
Agglutination is never complete, but there is always a certain number 
of uncliimped parasites to be seen in the preparations. 

Action of Cold and Heat. — This trypanosome is more resistant 
to cold than to heat. In one experiment of Ligniercs blood cooled 
for two hours to —20° C. was found to be still virulent. In another 
experiment blood exposed to — 10° C. for live Iiours was no longer 
virulent. We made several experiments to find out the effect of 
great cold (temperature of liquid air) upon this trypanosome. A 
mouse inoculated with I c.c. blood which had been exposed for 
five minutes to - 191® C. became infected in nine days, and died in 
sixteen and a half days. Another mouse inoculated with !, c.c. of 
the same blood exposed for five minutes, and afterwards for ten 
minutes, to —191° C., became infected in eight days, and died in 
twelve and a half days. A control mouse inoculated with infective 
(uncoolcd) blood became infected in five days, and died in nine days. 
This trypanosome is therefore able to withstand for at least several 
minutes the temperature of liquid air. 

T. cqiiinum dies after live hours and forty minutes’ exposure to 
40^ C., after four hours’ exposure to qi"" C., after forty-five minutes 
to 42"^ C., after twenty minutes to 43*^ C., after ten minutes to 
44^ ^-9 iiftcr eight minutes to 45*^ C., and after live minutes to 
5 f C. (Lignieres). 

[Jakimoff obtained almost identical results. He also studied the 
preservation of T, eqninnm and obtained somewhat similar results to those 
rltscribed under T, hrucci (see p. 157). The chief differences observed 
hetween the two trypanosomes were : (i) T.egitinnm was less alfected by a 
temperature of 36° C., delibrinated blood kept for two days at 36 ‘ C. being 
«till capable of infecting mice; and (2) o’G per cent. NaCl solution added 
to the blood kept at 20° C. \vas able to maintain T. equiniim iiWvc and 
iidtictive for five days, whereas 2 \ bracei under the same conditions was 
infective only for two days. On the other hand, blood containing 
^ • cquinum would not bear such high dilution (i in 50,000) as blood con- 
taining J. byucei ; caderas blood diluted 5,000 times was still infective for 
^hce, however.] 

The involution forms seen in heated blood are similar to those, 
tilready described under T, brucei — namely, tadpole and spherical 
forms. 

Attempts to cultivate T. equiimm on blood-agar at the room 
temperature yielded negative results. Six to eight days after 
inoculation of the tubes no motile parasites were found, and mice 
inoculated with the fluid did not become infected. 

[Thomas and Breinl made several attempts to cultivate 
f. cquinum on various modifications of Novy and McNeal’s medium. 
One attempt with rabbit’s blood trypanosomes inoculated upon a 

20 
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rabbit-blood chickcn-broth agar medium^ yielded a positive result. 
After twenty-nine days at 22° C., one tube, out of twelve inoculated, 
was found to contain a few tr53:)anosomcs, many of them beiiu^ 
paired, apparently healthy and fairly motile. This culture infected 
a rat eight and a quarter days after injection. Subcultures upon 
fresh blood-agar tubes failed to grow.] 

I Rabinowitsch and Kempner- state — but without giving any 
details — that they have cultivated 7 '. eqtiinnm.^ 

Section 5.— Caderas is a Distinct Morbid Entity. 

\"oges regarded caderas as identical with dourine, while Sivoriand 
Leclcr identified it with surra: but since the disease has become 
better known, these opinions are no longer tenable. 

Morphologically the trypanosome of caderas is distinguished 
from the parasites of iiagana, surra, and dourine by the small size 
of its centrosome. Caderas is not propagated in the same way as 
dourine, and, moreover, most mammals arc susceptible to caderas, 
whereas the number of species susceptible to dourine is very limited. 
Finally, animals which have acquired immunity against nagana, 
surra, or dourine arc as susceptible to caderas as normal animals, 
and vice versa. 

During our investigations a goat and a sheep immunized against 
nagana proved to be as susceptible to caderas as normal animals of 
the same species, and they contracted an infection lasting the same 
time.'' Lignieres made the complementary experiment by showing 
that an ox, a sheep, and a pig, which had recovered from an infec- 
tion with caderas, were as susceptible to nagana as normal animals 
of the same , species and contracted an infection lasting the same 
time,^ \Vc found that two goats (I. and II.) which had recovered 
from an infection with caderas were still susceptible to surra.® 

Nocard and Lignieres showed that dogs immunized against 
dourine were as susceptible to caderas as the normal animals used 
as controls. Wc shall refer to these experiments in the chapter 
on dourine. 

[Ehrlich and Shiga state that mice cured with trypanred possess 
a temporary immunity — that is to say, they do not become acutely 
ill after a second injection. This immunity, moreover, is specijic. 
Halberstaedter found that a mouse immunized against caderas after 
treatment with trypanred promptly became infected on injection 

1 [The medium used was chicken-broth (meat 1 part to water 2 parts), wiili 
0*5 ])er cent, peptone and 0*25 per cent, sea-salt added, and rendered faintly 
alkaline, a^Mr 2*5 per cent., and defibrinated rabbit-blood 2:1.] 

- [Rabinowitsch and Kempner, /iViX’/cr., 1 , ()rig.,v. 34, 1903, p. 81O.J 

C. A’. Ac/t/f. Sciences, v. 135, November 17, 1902, p. 838. 

* />/V. A^i(riciilhira y Ganaderia, third year, No. 50, Buenos Aires, February h 

1903* * / 

Laveran and Mesnil, C A\ Acad, Sciences, June 22, 1903, p. 1529. 
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with dourine. After a second injection with trypanred, the mouse 
again became free from trypanosomes, and was then found to be 
normally susceptible to nagana.] 

Section 6, — Mode of Propagation. 

Caderas can be easily inoculated, it being sufficient to inject very 
small doses of the virus subcutaneously, or to place traces of it upon 
the surface of a wound or excoriation. The ingestion of blood or an 
emulsion of an organ containing trypanosomes is not followed by 
infection, if there be no recent wound or al^rasion of the mucous 
surfaces. Sexual intercourse does not give rise to infection, as it 
does in the case of dourine (Ligniercs). 

A priori, one would imagine that caderas was spread by means 
of biting flies, as in the case of nagana and surra. That opinion has 
been held by several observers, but it is still denied by some, and it 
is not in agreement with a number of recorded facts as to the con- 
ditions under which caderas is tmopagated. 

Voges has shown that there are many insects whicli bite horses 
in the regions where caderas is prevalent. In particular he mentions 
a Tahanns and a biting fly known in the Argentine as Musca hrava, 
us being probably concerned in the propagation of this disease. 

According to Sivori and Twcclcr, caderas is propagated by 
Tabanidje (sp. ?), by Musca brava, which Dr. Brauer of Vienna 
says is the Stomoxys nclnilosa Fabr., and also by Stomoxys calcitrans. 
Tliese observers state that they succeeded in infecting horses by 
allowing thtjm to be bitten by flies which had sucked the blood of 
sick animals. 

Lignieres states that Si, culcilrans is ver}' widely distributed in 
the districts where caderas occurs, but he adds that he never met 
with a case of infection by means of that fly in the infirmaries 
where infected horses were placed side by side with healthy ones or 
with horses suffering from other diseases. There were always very 
many horse-flies and St, calcitrans in these infirmaries. 

An epizootic of caderas which occurred on a farm in Paraguay 
Aid not spread to a neighliouring farm, which was separated from 
tlio former only by a wire-gauze partition (Elmassian and Migone). 

The only fact upon which all observers arc agreed is that the 
^'apybara {Hydrnchcerus capybara), which is very abundant in Para- 
guay and in the Argentine portion of the Chaco, along the banks of 
die small watercourses running through the cattle-rearing districts, 
the source from which the carrier of the disease probably obtains 
ds supply of the virus. 

I'hese animals are attacked periodically by an epizootic of an 
•uiknown nature. They lie about along the banks of the streams 
und die there. When the farmers in Paraguay find the dead bodies 
•■f the capybara on their farms, they know that caderas will soon 
-Tcak out among the horses. There is a striking analogy between 

20 — 2 
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this mortality among the capybaras which precedes outbreaks of 
caderas, and that among rats which precedes epidemics of plague, 
Elmassian, who recorded these facts, ^ has hitherto looked in vain 
for capybaras spontaneously infected with caderas, but that may be 
because it is very difficult to catch them alive. 

[Further observations by Elmassian and Migone“ confirm the 
belief that the capybara is the ^ reservoir ’ of the virus of caderas. 
They quote instances of an epidemic of caderas breaking out among 
dogs which, after hunting capybaras, had devoured their still warm 
bodies. In these cases the virus passed directly from capybara to 
dog. Later on the infection spread to horses, which could only 
have got it from dogs or capybaras ; but nothing definite is known 
as to how the infection is conveyed from the latter to the horse, 
or from one horse to another. Elmassian and Migone state that 
mosquitoes are the only insects biting at the time of day that capy- 
baras and horses are at the water's edge together.] 

[Possibly fleas are concerned in the transmission of the disease. 
Lignieres found that fleas caught on a caderas dog and placed on ri 
healthy dog did not infect the latter, but similar fleas crushed in 
salt solution infected two rats out of four inoculated.] 

Section 7.— Treatment. Prophylaxis.^ 

Quinine, methylene blue, salicylic acid, iiermanganate of potash, 
potassium iodide, intravenous injections of perchloride of mercury, 
and arrhenal have all been tried unsuccessfully in tlie treatment of 
caderas (Voges, Lignieres). 

As with nagana, arsenious acid has given favourable results in 
some cases, but the improvement is only temporary. In rats or 
mice infected with caderas the same results are obtained as with 
nagana : there is a temporary disappearance of the trypanosomes 
from the general circulation, and the life of the animals is prolonged, 
but they are never cured. 0’5 milligramme of arsenious acid is the 
dose for each loo grammes of body weight. A rat thus treated survived 
for 130 days after inoculation with caderas.'^ After a time, however, 
the arsenious acid no longer has any effect upon the trypanosomes, 
and symptoms of intolerance arise. 

Erhlich and Shiga have used with success in the treatment of 
caderas in mice, a dye of the benzo-purpurine series which they call 
trypanroth ^ (trypanred). 

On injecting into a mouse simultaneously, but at different parts 
of the body, the caderas virus and a solution of trypanred, infection 
does not follow. In mice treated from one to three days after 

' Trivaie coinmunicalion, December 24, 1903. 

2 [Elmassian and Migone, Ann. Inst, Past.^ v. 18, 1904, p. 589.] 

•* [See Cjiapter XIII. on ‘ Treatment,’ for recent work in this direction.] 

^ For details of the arsenic treatment sec Chapter VT,, p. 170. 

Ehrlich and Shiga, Perl, klin, Woch.^ March 28 and April 4, 1904. 
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inoculation with cadqras the results are remarkable. On injecting 
0*3 c.c. of a I per cent, solution of trypanred, the trypanosomes 
soon disappear from the blood, often permanently, but in a certain 
number of cases there is a relapse. This is sometimes very long in 
appearing, in one case coming on only after sixty-five days. 

Animals injected with trypanred on the fourth day of the disease 
lose their trypanosomes, and as a result become immunized to a 
certain degree against this trypanosome. Inoculated from one to 
seven days after this apparent or real cure, they only become re- 
infected after an incubation period of from twelve to sixty da3\s. 
Even twenty-one days after the disappearance of the parasites the 
mice are still slightly immune, but after thirty days they are no 
longer so. 

On comparing these results with those of preventive inoculations, 
it is seen that the production of immunizing substances is associated 
with the destruction of the trypanosomes by the drug. The curative 
power of trypanred is also very apparent on giving the dye intcrnalh'. 
In mice fed for eight days on biscuit containing trypanred infection 
with caderas occurs, but it ends in recover}'. 

With rats the results obtained with trypanred have been much less 
encouraging than with mice. On injecting into a rat 2 c.c. of a t per 
cent, solution, the trypanosomes disappear, but only for a time. With 
guinea-pigs and dogs the results have been still loss favourable. 

Trypanred has no toxic effect in vitro upon the trypanosomes of 
caderas. Ehrlich and Shiga think that it acts by provoking in the 
mouse the formation of a substance inimical to the trypanosomes, 
which does not persist very long in the blood. Two or three 
days after they have been injected with trypanred, the mice can he 
successfully reinoculated with the trypanosome. 

We treated four caderas mice by injecting them with trypanred 
at a time when the parasites were numerous in the blood. The 
mice received on an average o '2 c.c. of a i per cent, solution per 
K) grammes of animal. The trypanosomes disappeared from the 
hlood in twenty-four to forty-eight hours. In one mouse they re- 
ai)peared in fifteen days and caused death. In another they 
reappeared a month later, disappeared again spontaneously, but 
after ten days reappeared again and remained present till death. 
I he other two mice had no relapse and were still alive two months 
after the injection of trypanred.^ 

The sheep, goat, ox, and pig which survive an attack of caderas 
become immunized against the disease, and their scrum acquires, 
during the course of the infection, protective properties, which, un- 
fortunately, are but slightly marked and of short duration. 

The serum of a goat which, prior to inoculation with the try- 

.. ^ n'he authors inform me that these two mice were probably cured when they 
uied by accident, early in 1906, nearly two vears after the beginning of the 
experiment recorded above. '| 
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panosome of caderas, had no action upon the parasite, acquired 
definite protective properties. Three months after inoculation, 
I c.c. of thi.s serum mixed with iV c.c. of trypanosomc-containincj 
blood prevented an infection. Later on, towards the end of the 
infection and after recovery, the serum was no longer protective. 

The serum of the sheep immunized against nagana had, prior to 
inoculation with caderas, no protective power against cqniniiui. 
One month afterwards, in doses of 2 c.c., it prevented infection in u 
mouse, while in doses of i c.c. it prolonged the duration of tlh‘ 
disecise, but did not prevent it. At the time of death, two months 
after inoculation with caderas, the serum was protective for a mouse 
in doses of i c.c. The scrums of the other sheep and of the yoiuig 
goat towards the end of their infection, were similarly protective for 
the mouse, if mixed with infective blood, in doses of i and i c.c. 
respectively. 

Attempts to obtain protective or curative serums by other 
methods have failed hitherto. 

A young bull was inoculated by Voges for a year and a half with 
increasing doses of virulent blood, but at the end of that time the 
animal’s serum had not acquired any curative property. 

In other experiments of the same observer the virulence of thi? 
trypanosomes was diminished by formalin or by heat. First dead 
trypanosomes were injected, then trypanosomes of attenuated 
virulence. Either the trypanosomes remain alive and retain their 
virulence, or else they die and have no protective action whatever 
(Voges). 

The action of human serum upon caderas is similar to that upon 
nagana. On injecting A to i c.c. of human serum or o'l gramme of 
powdered serum dissolved in water subcutaneously into a mouse 
weighing about 20 grammes with a few or even a fair number of 
caderas trypanosomes in its blood, the trypanosomes disappear in 
twenty-four to thirty-six hours. The fewer parasites there arc in 
the blood at the time the serum is injected, the more rapidly do 
they disappear from the blood. When they are very numerous the 
treatment is often of no avail, death occurring before the serum has 
time to act. 

The trypanosomes disappear for six to eight days, after which 
they reappear as a rule, so that the treatment must be repeated. 
Only one out of ten mice treated with human serum was cured by a 
single injection of the serum. 

By means of repeated injections life may be prolonged for a con- 
siderable time. In treated mice the average duration of the disease 
was fifty-seven days, whereas in untreated control mice it was only 
six to eight days. One mouse which was thus treated lived for 
1 13 days. There arrives a time when the human serum no longer 
has any effect upon the parasites. 

The mouse which recovered had not become immunized against 
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the disease, for it became reinfected on injecting a fresh dose of 
virulent blood- 

In rats infected with caderas human scrum has the sanu‘ effect 
as in mice. I'or a rat weighing 150 to 200 grammes the dose is 
2 c.c. of serum, or 0*25 to 0*3 gramme of the powdered serum dis- 
solved in water. 

The mode of action of human scrum upon the trypanosomes of 
caderas is the same as upon the trypanosomes of nagana(see p. 176). 

By combining the action of human serum with that of arsenious 
acid, it is possible to prolong life still more: a rat thus treated 
survived inoculation with caderas for four and a half months. 

As in the case of nagana and surra, this method of treatment 
cannot be used for large mammals. 

The impotence of therapeutics makes prophylaxis all the more 
important. Unfortunately vve are still ignorant of the agent which 
disseminates the disease, so that we cannot formulate with any 
precision the prophylactic measures to be adopted in preventing the 
spread of epizootics of caderas. 

Caderas occurs chiell)' in marshy districts and along watercourses 
where the capybara abounds. The indications arc, therefore, to 
select dry areas for horse-breeding purposes and to destroy the 
capybara- 

Veterinary surgeons should examine all sick horses in districts 
where caderas is known to be prevalent, for it is important to 
diagnose the disease promptly. Animals suffering from the disease 
should be slaughtered or isolated, and healthy animals should be 
kept in the stables. Voges recommends having wire-gauze; netting 
fitted to the windows of stables, but we have seen that the role -of 
biting flies in the propagation of caderas has not been proved, so 
that the value of this measure is rather doubtful. 



CHAPTER X 


DOURINE 

(Fy, ‘ Mai du Coit ’ ; Gcr. ‘ Eeschalkrankheit.’) 

Patitogenic Agf-NT: Trypanosoma cquipcrdiim, Doflein, igoi. 

Section 1. — Historical Survey and 6eog*raphical Distribution. 

This trypanosome epizootic is also a disease of the Kquida;, but is 
peculiar in that it is transmitted only by coitus. Only horses used 
for breeding purposes are affected naturally by the disease; never- 
theless, geldings and mules are very susceptible to experimental 
inoculation. 

The disease was first recognised in Europe at the beginning of 
the nineteenth century. It is the only trypanosome disease known 
to occur in this part of the world.^ Its presence has been recorded 
throughout a large part of Europe — Spain, Germany, Switzerland, 
Austria-Hungary, Russia, and Turkey. In France it has made but 
short incursions in the Pyrenean departments, [but, according to 
Schneider and Buffard,- dourine appears nearly every year on the 
Spanish frontier, in the department of Basses- Pyrenees. | As a result 
of the strict regulations of the sanitary authorities, which ])ractically 
necessitate the slaughter or castration of every infected stallion, 
dourine has disappeared from most of the countries just enumerated. 
At the present time it occurs only in Spain (particularly in Navarre), 
and, to a less extent, in Hungary and South Russia; also in Turkey, 
which imports many horses from infected districts. 

The disease also exists along Ifche whole south littoral of the 
Mediterranean Sea, in Morocco, Algeria,^ Tunis, Tripoli, Syria, 
probably throughout Asia Minor, and in Persia. 

[In India dourine has probably existed for a long time, but the 
nature of the disease was only recognised in igo2 by Pease,*^ in the 

‘ These details are all taken from Nocard and Leclainche’s work, ‘ Les Maladies 
microbiennes des animaiix,' v. 2, Paris, Masson, 1903, pp. 615, 6r6. 

2 [Schneider and Buffard, Amt, Inst, Past,^ v. 19, 1905, p. 71 5.] 

See Schneider and BuflTard’s ‘ La Prophylaxie dc la Dourine,* Lyon, 1901. 
In the year 1902 alone, Billet and Marchal (in Schneider and Buffard, Rcc, med- 
vvtcrin,, 1902, p. 723) saw sixteen cases of dourine at the remount depot in Con- 
stantine. 

* [Pease, ‘Note on Dourine,’ also ‘Further Note on Dourine,* published by 
Punjab Government, 1903 ; Vet, Journ,^ v. 9, 1904, pp. 1S7, 196 ; v. 10, p. 297 ; 
V. 12, 1905, p. 209.] 
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Punjab. It has since been studied in India by Lingard,^ Pease, 
Baldrey,- and others. Baldrey states that the disease is almost 
certainly present in Beluchistan, in the Bombay Presidency, and in 
the United Provinces, in the Babugarth Government stud. Mott^ 
has made a careful and minute study of the microscopic changes 
in the nervous system of cases of chronic dourine which occurred in 
India.] 

In the United States, where it appears to have been introduced 
recently, dourine continues to make great ravages. Thus, in his 
(hmeral Report for 1901, Salmon, head of the Bureau of Animal 
Industry, mentions twelve horses (two stallions and ten mares) which 
were slaughtered on account of dourine. The disease exists in the 
States of Nebraska, Wyoming, and South Dakota. In spite of all 
attempts at stamping out the disease, that end has not yet been 
attained, for dourine exists amongst the half-wild horses of the 
Indians in Rosebud and Pine Ridge. 

‘ In Chile the disease exists in certain provinces, but was not 
recognised until recent years ’ (Monfallet). 

It probably occurs in Java. In igoo a true ‘ maladie du coit’ — 
disease due to coitus — was discovered in the Government studs at 
Soemedang, and the disease was studied by De Docs in Weltevreden.*^ 

The trypanosome of dourine appears to have been first seen in 
iSg-i by Rouget in the blood of a sick horse in the remount depot at 
Constantine. Rouget made numerous interesting experiments with 
this trypanosome upon various mammals, the results of which were 
published in December, i8g6."* Unfortunately, the virus died out 
without Rouget having been able to reproduce the disease experi- 
mentally in horses. 

In liSgg Schneider and Buffard,*' also in Algeria, found a tiypano- 
some in tw'o horses suffering from dourine, and later in a donkey. 
They were more fortunate than Rouget, iuasmuch as they succeeded 
in reproducing the disease in the horse with a virus which had been 
passed through the dog. Their results were confirmed by Nocard 
ut Alfort,"^ and since then the role of this trypanosome in the causa- 
tion of dourine has been generally admitted. At the beginning of 
July, igoi, Doflein® gave the name T. cqiiipcrditm to this parasite. 


* [Lingard, Reports of the Imperial Bactcrioloi^ist, 1903-1904, etc. ; Centralb. 

f Bakier., I, Grig., v. 37, p. 537.] ‘ , 

“ n^aldrey, l\ith, Therap,^ v. fS, 1905, pp. 1-22.J 

•'* Proc* Roy, Soc,^ Ser. 13 , v. 7S, 1906, pp. 

* l)e Does, ‘ Boosardige dekziektc in liet Soeniedangsche,’ Vccartsenijkundige 
BUtien voor Nederl. lndii.\ v. 13, 14, igoo, igor (tjuotecl by Nocard and Lcclainche, 
op. at., V. 2, p. 584. 

“ Rouget, A/m. Inst. Past., v. lo, 1896, p. 716. 

® Schneider and J 3 uffard, ‘Notes communicated to the Academic de Medecine 
on July 25, September 19, October 3, and November 21, 1899, Januar>% 1900. 
Archiv. Parasitologie, v. 3, 1900, p. 124. Complete paper in Rec. med. v^t/r., 
igoo, pp. 81-105, 157-169, and 220-234. 

^ Nocard, Butt. Acad. Med., v. 64, meeting of July 31, 1900, pp. 1 54-163. 

^ Doflein, Die Protoi:oen, etc., Jena, 1901, p, 66. 
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A few days later we^ called it T. rougeti, but Doflein’s name has the* 
prior claim. 

In igo2 Schneider and Buffard raised doubts as to the triui 
nature of the disease in horses whence Rouget derived his trypano- 
some, and suggested that he was dealing not with dourine, but with 
nagana or surra. They came to the conclusion that other trypano- 
somiases than dourine probably existed in Algeria. That such is 
really the case has now been demonstrated by the researches cf 
Szewzyck and Rennes and of the Sergents (see p. 210 d scq.)- 

It is highly probable that the observation made by Chauvrat in 
1892 was upon one of these trypanosomiases different from dourine. 
As to Rouget's case, we shall continue to look upon it as one of 
dourine, and later on we shall examine the validity of the arguments 
brought forward by Schneider and Buffard against the diagnosis 
of dourine, and of those adduced by Rouget in support of his 
diagnosis. 


Section 2.— Dourine in the Equidae. 

We quote almost verbatim from the excellent work by Schneider 
and Buffard the account of the symptoms of the natural affection 
as it occurs in reproductive Equida*. 

House. — Dourine in horses may be acute or chronic, the former 
being much less common than the latter. 

Chronic Dourine. — In the chronic form there are three stages, 
which as a rule arc fairly Avell defined : 

Stage I. Presence of Localized (Edema . — The first signs of the 
disease in the stallion are visible from the eleventh to the twentieth 
day after coitus. The disease nearly always starts with a little 
cedenia at the lower part of the sheath, which may be overlooked, 
especially if the veterinary oflicer or the head of the stables has not 
noted the condition of the sheath before the covering season. 

This cedema gradually extends along the lower part of the sheath 
to the scrotum and the inguinal region, and may even reach the 
abdominal walls. Usually the swelling is cold and painless, but 
sometimes it is hot and tender to the touch. The end of the penis 
becomes infiltrated, and the horse frequently gets slight erections. 
The superficial lymphatic glands in the groin arc enlarged, and this 
enlargement is often unilateral when the initial cedema occurs only 
on one side. 

In the mare the symptoms are less marked than in the stallion. 
They consist at first of a unilateral or bilateral swelling of the vulva, 
often extending up to the anus, a bright red colour of the vaginal 
mucous rnembrancj and a gradually increasing mucoid or viscid 
discharge. 

The appetite always remains good ; the temperature oscillates 
between 38° and 38*5° C. [ioo“4° and 101*4*^ F.J ; coitus is still 
^ Lavcrairand Mesnil, C. R. Acad, Sciences^ July 15, P« >3** 
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possible, the horse easily ^'etting an erection. Later oni about a 
month after the appearance of the first symptoms, the initial swell- 
ings partially subside and become localized to the genital organs. 
Sometimes the swelling disappears almost entirely, the end of the 
penis alone remaining infiltrated. At this time the kidneys are 
tender on pressure, and the animal almost gives way under the 
weight of a rider. The horse gets winded after a short trot and 
already shows signs of wasting. 

Stage 2. Presence of Patchy Infiltration of the Skin (plaques). 
— These constitute the only pathognomonic sign of the disease, 
and they usually appear forty to forty-live days, sometimes two 
months, after the infecting coitus. The plaques arc 'salient and 



Fk.i. 42. — Horse sufeerino from Dourinh at tjh: End df viii-: Sf.cond Stage. 

Note the emaciation, the great feebleness of the Iiind (inartiTS, and the ilexion of the 
fetlock ill left liincl-ieg. (E'rom a photograph in Nocanl’s collection, lent by Vallcc.) 


rounded, and look as though a metal disc Iiad been slipped under 
the skin * (Pease). They vary in size from a florin to the palm of the 
hand. The hair over them bristles and the skin is thickened. 
Sometimes, instead of these well-defined plaques^ the skin is slightly 
swxfllen in those parts where the plaques usually occur. In some 
stallions they are at times cedematous, and in such cases when they 
disappear a little fluid exudes, which causes the hair to become 
matted together. The duration of these patches is very variable : 
they may appear in the morning and be gone again the same night, 
or they may persist for five to eight days. They occur most com- 
J^only on the sides and hind-quarters, but sometimes upon the neck 
and shoulders, and on the thighs. 
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At this period wasting is very marked (see Fig. 42). The animal 
constantly lies down, and can only get up with difficulty, as if its 
hind-limbs were paraly;'ed. When walking it drags its hind-feet 
along the ground, and when the weight of the body is supported 
by eitlier hind-leg there is extreme flexion of the fetlock. Often 
the synovial sheaths of the joints and tendons of the hind-limbs are 
swollen. The inguinal glands become enormously enlarged and 
sometimes ulcerate. The glands of the chest and intermaxillary 
space are also congested and swollen. The appetite is good, and 
may even be enormous, the eye is often fixed and staring, and the 
temperature often rises to 39® C. [loa'a*^ F.] in the evening, falling 
again in the morning to 38'5° C. [101*4° F.j. Connection is prac- 
tically impossible for stallions, while marcs very generally abort. 

Stage 3. Prcsatcc of Profound Ancevtia and Paraplegia. — At this 
stage the mucous surfaces are very pale, wasting is marked, the 
appetite becomes capricious, and so profound is the weakness that 
the sick animals cannot move from place to place without propping 
themselves up against a wall or other suj)port. Often there occur 
superficial abscesses, which show' little tendency to heal ; and some- 
times there are eye troubles, such as conjunctivitis and ulcerative 
keratitis. Micturition is difficult and the urine is thick. The joints 
of the limbs and spine crepitate on the slightest movement, and 
fractures frequently occur. Towards the end there is complete 
paraplegia, and the animal falls down, never to rise again. Its 
sensibility to pain is so much diminished that the animal may be 
pricked or oven cut without showing the least sign of pain. We 
shall see that these nervous symptoms are often associated wuth 
patches of softening in the spinal cord. 

The duration of the disease is variable — usually it is from two to 
six months, exceptionally it lasts one or tw’^o years. Schneider and 
Buffard^ record two cases of cure, but it is possible that these cases 
relapsed again later. 

[Baldrey gives the duration as twelve to eighteen months; 
Lingard states that certain breeds of horses can retain the materiel 
morbi of dourine in their system for one or four years, just as cattle 
and camels in India can tolerate the trypanosome of surra, or its 
‘ developmental ’ forms, in their blood for one to three years. A 
stallion whose nervous system w^as studied by Mott died twenty- 
seven and a half months after the infecting coitus.] 

[According to Baldrey, dourine is fatal and incurable except in 
the first stage. Castration performed at this stage of the disease 
seems to benefit some cases, but if done in the second stage it is 
useless. Pease states that dourine is an old disease in India, and 
therefore less deadly than in Europe. He estimates that 70 to 
80 per cent, of infected mares die of the disease in India.] 

Acute Dourine. — Sometimes dourine runs an acute course, and, 

^ ScRncidcr and liufiard, ‘ I. a Propbylaxie cle la Dourine,’ p. 4. 



DOURINE 


317 


after the initial oedema, a sudden acute paralysis or attacks of 
vertigo may carry off the animal in a few days. In the mare this 
acute form is more common than in the stallion, and usually para- 
lysis occurs suddenly a few days after the appearance of the plaques. 

Experimental Dourine. — Subcutaneous inoculation of the virus 
reproduces the natural disease in the horse and donkc)-, the incuba- 
tion period varying from seven to twenty days, according to the 
number of trypanosomes injected. There is no difference between 
the experimentally produced disease and that occurring naturally. 
The signs and .symptoms, as well as the course of the temperature, 
are the same in the two cases. Sometimes the temperature is very 



I'u-. 43. 

A. Temperature Chart of a Horse with Dourine during the First Month 

AFT EK I NUCC UA TH)N. 

This animal, a thoroughbred stallion, was injected intravenously with 20 c.c. blood from 

a horse. 

B. Chart of a Donkey ( 5 ) during the First Month after the Infecting Coitus. 

This animal was covered by a diseased stallion. 

(Nocard’s charts, ^ent by Vallce.) 

just as at the onset of nagana and surra. Nocard has recorded 
several well-marked cases of the kind. ‘ I have been able/ writes 
Nocard (Soc. Biologic, May 4, 1901), ‘to kill strong healthy horses 
in four, six, and eight weeks, and the curve of their temperature was 
identical with that seen in surra and nagana.’ 

We reproduce (Fig. 43, A) a temperature chart of experimental 
dourine in which the temperature was above 39‘5^ C. [io3'2° F.] on 
several days during the second week after inoculation. Cases of the 
natural disease have also been recorded in which the temperature 
rose to 40° C. [104° F.j at the onset. 
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. -;Donki:y. — The symptoms of dourine in the donkey, both male 
ana female, are very indefinite, and as a rule a male donkey is 
recognised as being infected by the victims he makes amongst the 
females with which he has had connection. The only sign which is 
invariably present is oedema of the end of the penis ; cedema of the 
sheath appears later, but cutaneous plaques are very rarely present — 
only in 2 per cent, of the cases. 

In less resistant male donkeys dourine runs a course similar to 
that in the horse, but such cases are rare. Under those conditions 
wasting is extreme, the sheath and scrotum become swollen, and 
finally paralysis supervenes. Some donkeys (cf) live for more than 
three years with dourine, and the Arabs state that some animals 
even recover from the disease, but wc know of no authentic case of 
recovery from dourine. 

The experimental disease in the donkey runs a clinical course 
similar to the natural disease in that animal (see Fig. 43, 13). 

DisTRiHUTiox OF Tiij’: Trypanosome i\ the Body. — ' It is 
difficult to find the parasite in naturally infected animals. It can 
be found in the blood taken from the region of the (edematous 
swellings and plaques, but we have rarely seen it in the blood 
obtained from other vessels. The Iluid which (^scapes immediately 
after puncturing the (edematous swellings or plaques appears nc^t to 
contain the parasite, but if this Iluid be tinged with blocxl the 
parasite may be found in it, and th(i more blood there is present the 
more numerous are the trypanosomc^s. Two conclusions may be 
drawn from these facts : first, that the trypanosome is really a blood 
parasite; and, secondly, that very probably the swellings and 
cutaneous plaques are due to embolism caused by masses of the 
parasites blucktni^ the small bloodvessels/ 

‘ The best time to find the trypanosome in the plaques is on the 
first appearance of the latter — it is then lliai the parasite should be 
looked for, and the success of the examination depends upon this condition 
bciiti^ fulfdlcd. As the cutaneous lesion extends, the parasite 
becomes more difficult to find in preparations, and some hours 
after the appearance cjf the lesions the parasite can no longer be 
found. Apparently they persist for a longer time in the a'dematous 
swellings. . . .’ 

* At the outset of the disease we have constantly found the 
trypanosome present. At a later period, when the infiltrated areas 
in the skin have disappeared, the trypanosome seems to be less 
freely distributed throughout the body. Blood examined in fresh 
preparations shows only a few parasites, but this blood is infective 
on injection ’ (Schneider and Buffard). 

[Lingard^ states that the infection does not become generalised 
— that is to say, the virus does not enter the circulation — until from 
thirty to forty days from the time of thci primary infection. Some- 

* [Iringard, Centralb.f, liakter,, I, v. 37, p, 537.] 



DOURINE 


319 


times it may be as long as ten to twelve or more months before the 
blood infection occurs in stallions, especially if the swelling of the 
sheath be detected early and the animal be segregated, given rest and 
good food, and all connection stopped. When the trypanosome gets 
into the circulation, platjiies may occur at any time after an interval 
of a few days, and may recur for long periods -more than a year. 
The blood is not infective on injection during the ‘ latent ’ stage 
of penile swelling. It appears, says Lingard, that the trypanosomes, 
or their developmental forms, remain shut off for the time being in 
the affected area.] 

[Lingard is of opinion th 3 ,t the plaques are due to a circumscribed 
angio-ncurotic cedema, occasioned by the advent of the trypanosome, 
or its developmental forms, in the papillary layer of the skin. He 
thinks that a toxin elaborated by the tr3^panos()mes produces dilata- 
tion of the capillaries and a locali;red increased secretion of lymph 
around.] 

I Lingard’s view of the origin of the plaques is ])ased upon the following 
observations : In blood drawn from a recent plaque, fully-formed, but 
small sized, trypanosomes are present. These might have developed, says 
Lingard, from the aniceboid or plasmodial form, after the latter had been 
de[)osited in the plaque. Later on, as long as the n.‘dema persists, trypano- 
somes or dev'elopmental forms are present at some part of the ti.dematons 
area, the mature trypanosomes diminishing in numl)er — which may be 
due to tlie action of the to.vin— and the developmeiital forms increaising. 
l:Lvciuually only developmental forms of the parasite remain in the plaque, 
and on the disappearance of the latter they return to the general circulation. 
Similar developmental forms were found in the iluid obtained from the 
secondary swelling arising at the seal of subcutaneous inoculation with 
infective blood. In a donkey inoculated subcutaneously with 20 c.c. horse 
I)]ood, the first immature form was found on the nineteenth day, and. the 
first mature trypanosome only on the thirty-ninth day,] 

[ Lingard has found that blood or sero-sangiiineous lliiid taken from 
i\ plaque, from which the mature trypanosomes have disappeared, is para- 
siticidal in vitro, giving rise to loss of motility and granular disintegration 
of the parasites.] 

[Mott does not agree with the view that the plaques are due to 
ernbolisui by tiypanosomes. He thinks that, by analogy with the 
origin of herpes zoster, an inHammatorj^ irritation of the posterior 
spinal ganglia, as these become successively affected by the noxious 
agent, causes the eruption of the cutaneous plaques. It has, more- 
over, been shown experimentally b\ Bayliss that stimulation* of the 
posterior roots produces vaso-dilatation. In the blood or oedema 
duid produced, as suggested by Mott, by the irritation of the spinal 
ganglia, the trypanosomes may find suitable conditions for multiply- 
ing by fission. According to Mott, therefore, the presence of many 
trypanosomes in the blood and fluid from a plaque would be the 
mult rather than the cause of this lesion. The eruptions seen in 
human trypanosomiasis might be similarly accounted for by irritation 
of the neurotrophic centres in the spinal ganglia.] 
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[Trypanosomes .are present, though in very„ small numbers, in 
the general circulation. Schneider and Buifard^ state that, during 
an epidemic of dourine in 1904 in the department of Basses 
Pyrenees, they were able to find the trypanosome in the peripheral 
blood of two mares out of four examined.- The trypanosomes were 
very scanty, and were found only after a long and tedious examina' 
tion. Marek, in Hungary, also succeeded, after a prolonged search, 
in finding the trypanosome in the blood of a sick stallion (quoted by 
Schneider and Buffard).] 

[Lingard states that when the plaques are numerous and con- 
stantly changing, even small quantities of blood are infective on 
injection ; but when the plaques arc very scanty, it may be difficult 
to infect an animal even with large quantities of blood.] 

ITryqianosorncs or developmental forms can be found — after 
staining and careful examination — in the semen of infected stallions. 
Mares infected by coitus will in most cases sooner or later develop 
the trypanosome in the vaginal mucus, and it may be observed in 
the mucus at intervals during the subsequent course of the disease. 
Sometimes the try’panosome may be present for months in the 
vaginal mucus without the animal showing any signs of ill-health. 
Marcs inoculated subcutaneously with infective blood — anywhere 
except in the external genitals — may develop plaques and cerebro- 
spinal symptoms, but the vaginal mucus, when free from blood, may 
be non-infective in such cases (Lingard), j 

[Baldrey also states that the trypanosomes may live in the 
vaginal mucous membrane and discharges of mares, and in the 
urethral and seminal fluids of stallions for an indefinite period.] 

[In animals succumbing to an acute attack of the disease, ac- 
companied by nervous symptoms, developmental forms of the 
trypanosome occur in the cerebro-spinal fluid (Lingard). In a very 
chronic case — lasting twenty-seven and a half months — studied by 
Mott numerous stained specimens of the fluid were examined for 
the T. equiperdumy but unsuccessfully.] 

Pathological Anatomy. — At the autopsy the most definite and 
characteristic lesions are found in the lymphatic glands and in the 
spinal cord. 

Tlie lymphatic glands are much enlarged, congested, and softened. 
The first glands to be enlarged are those of the abdomen and hind- 
quarters. Gradually the glands of the anterior part of the body 
become enlarged, and in chronic cases the lymphatic system 
throughout the body becomes affected. According to von Than- 
hoffer, the glands on section show dark grey patches, due to the 
remains of capillary hiemorrhages. 

^ [Schneider and Huffard, I\ev, med, t/cV., June, 1904 ; Ann, Inst, Past,, 
V. 19, 1905, p. 715. Abstract by Mesnil in Pntt, Jnst. Past., v. 4, iQot), p, 166.] 

^ [These four mares n erc suspected of dourine after being covered by a diseased 
stallion. I'hrce* of them died with the classical symptoms of the disease. The 
stallion had covered thirty-seven mares, but the remaining thirty-three did not 
become infected. The stallion is said to have recovered eventually.] 
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The lesions in the spinal cord are most marked in the lumbar and 
sacral regions. The cord is in parts transformed into a reddish, 
diffluent pulp, the softened portions being sometimes as much as 
6 to 8 centimetres (2 to 3 inches) in extent. No other trypanosome 
disease gives rise to such a condition, and even in dourine it is found 
only when the paralysis has been of long duration. On histological 
examination, Marek,^ a Hungarian observer, found degeneration of 
the fibres of the posterior columns, the other parts of the cord (the 
grey matter and the rest of the white matter) being healthy. Some 
iibres, particularly the sensory, of the roots of the spinal nerves are 
also degenerated. The nerves of the hind-limbs also show degenera- 
tion of some of the fibres, those of the fore-limbs being less affected. 
Owing to these anatomical changes which occur in dourine, Marek 
calls it polyneuritis infcctiosa cquornm. 

[In an Arab stallion which suffered from chronic dourine and 
during the course of its illness exhibited 156 cutaneous plaqius, 
together with marked symptoms of paraplegia, Mott- found wide- 
spread changes in the spinal cord, posterior spinal ganglia, and 
nerve roots. The notes of this case sent by Lingard to Mott are as 
follows: The infective coitus occurred on May 4 to 6, 1903 ; partial 
paraplegia appeared on February 25, 1904 ; death on August 15, 
1905, twenty-seven and a half months after infection. Post-mortem 
a. considerable fpiantity of gelatinous exudation was found round the 
lumbar portion of the spinal cord, and a smaller amount around the 
cervical enlargement, and a certain quantity of cerebro-spinal fluid 
escaped from within the membranes on removal.] 

[The following histological changes were observed by Mott : 
Intense chronic inflammation of the posterior spinal ganglia — most 
severe in the lower dorsal and lumbo-sacral regions, but fairly 
marked also in the upper regions of the cord. Where the inflam- 
mation was most intense the ganglion cells were most affected — in 
some cases being completely destroyed, and their place occupied by 
inflammatory products. Associated with this extensive neuronic 
destruction in the lumbar region, there was e.xtensive posterior 
root destruction and system-degenerative sclerosis of the posterior 
columns. This lesion, which resembles that of tabes dorsalis, and 
the comparatively normal appearance of the anterior roots, * would 
suggest that this animal suffered with a sensory paralysis of the 
hind-limbs analogous to tabes dorsalis, rather than a polyneuritis' 
(Mott).J 

[Throughout the grey matter of the spinal cord the ganglion 
cells showed marked chromolytic changes, and the vessels exhibited 

!, f Zeitschr.f, Tiennedistn, 1900, p. 401 ; 1904, p. 13.] 

“ [Mott, Proi\ Roy, Soc'., Ser. B, v. 78, 1906, p. i ; Rr/f. Med. Jounuy 1906, ii., 
PP- 300, 1775.1777). also Centralb, f. Baktcr,, I, Ref., y. 39, 1906, pp. 1-9. In the 
two papers Mott states that he has found lesions similar to those described in 
e te.xt in four other cases of equine dourine, the tissues of which were sent to him 
oy Lingard.] 
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evidence of chronic inflammation, with scattered capillary haemor- 
rhages. The changes were most marked in the liimb.o-sacral region, 
infiltration and thickening of the connective tissue septa, infiltration 
of the nerve roots and of the vessel walls with lymphocytes and 
small round cells. Mott states that the condition simulated an aciiUj 
syphilitic meningitis in many ways, except that in this case there 
was only occasional evidence of an obliterative arteritis.] 

[There was also evidence of a general irritation of the central 
nervous system, manifested by a subpial and septal proliferation of 
the neuroglia, a chronic interstitial inflammatory change which, in 
the spinal cord, was not limited to the posterior columns. The 
membranes at the base of the brain also seemed thickened, and 
sections of the peduncles and interpeduncular structures showed a 
subpial and septal neuroglia proliferation similar to that seen in the 
lumbar region.] 

[These changes in the nervous system in dourine are like those 
seen in chronic cases of infection with T, gainbiense — sleeping sick- 
ness — and appear to be due to the presence of an irritative agent in 
the lymphatic system. In dourine this starts ‘ in one seat of primary- 
infection, extends to the inguinal glands, thence presumably by 
the pelvic lymphatics to the lurnbo-sacral plexus and the posterior 
lurnbo-sacral roots to the central nervous system ; consetjuciitly the 
lower part of the spinal cord — and especially the posterior column — 
is first and most affected. In the case of sleeping sickness there 
may be any number of seats of infection, but the cervical glands are 
nearly always markedly involved’ (Mott).] 

The other lesions are less characteristic and less important — 
gelatinous exudations under the skin, serous effusions into the pleural 
and peritoneal cavities, wasting, and pallor of the muscles, which 
show areas of fatty degeneration and atrophy of the fibres. 

[Morax^ has studied the eye changes in dogs and goats infected with 
dourine, and in goats infected with nagana. The most characteristic lesion 
— which when it occurs in animals is very suggestive of trypanosomiasis — 
is an interstitial keratitis. It is caused by the multiplication of the para- 
sites in the interlamellar spaces of the cornea. The multiplication of the 
tryptmosomes is followed by a leucocytic infiltration, and later on by a 
formation of new bloodvessels. These changes may lead to complete dis- 
organization of the cornea, or they may disappear and leave only slight 
traces, especially in resistant animals, such as goats.] 

Section 3.— Experimental Dourine in Dogs, Rabbits, Rats, and 
Mice. Refractory Animals. 

The dog, rabbit, and, in certain cases, the rat and mouse, are 
susceptible to the trypanosome of dourine. [It has been shown that 
buffaloes (Pease) and other bovines, as well as monkeys (Mesnil and 
Rouget), are likewise susceptible to T. equiperdiim.} 

1 [V. Morax, Ann, ImL PclsU^ v. 21, 1907, pp. 47-61.] 
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The infection may be transmitted by all the ordinary methods 
of inoculation. It progresses more rapidly after intraperitoneal or 
intravenous injection, while intracerebral or intraocular inoculation 
liastens the appearance of nervous symptoms. Subcutaneous inocula- 
tion is best for studying the form of the disease most like the natural. 

Rouget was the first to recognise that, amtniry to what obiains 
ill the case of the other pathogenic trypanosomes^ ‘solution of continuity 
of the integuments is not indispensable, for the trypanosome can 
pass through healthy mucous membranes. A drop of blood, rich in 
parasites, placed in the lower conjunctival sac of a rabbit, is sufficient 
to infect the animal. We have seen a case of probable inf(‘Ction by 
the vagina. A male rabbit recently infected was intentionally placed 
in a cage with a healthy female, which contracted the disease.’ 

'fhis experiment has been repeated many times by Schneider 
and Iluffard. In their paper (pp. 226-^28) they mention the follow- 
ing instances : (i) Two dogs became infected after having had 
connection with a bitch which was experimentally inoculated by 
introducing into the vagina some blood from a plaque in a diseased 
stallion ; (2) a rabbit ( ? ) contracted dourine after coitus with a 
rabbit experimentally infected by subcutaneous inoculation ; (3) a 
rabbit ((^) became infected after covering another suffering from 
dourine. A bitch or a rabbit may be infected by carefully placing on 
the vulva some drops of blood or cedema fiuid containing trypano- 
somes. 

I It has already been mentioned tp- -19) that the Sergents in- 
fected four animals out of eight, by way of intact mucous membranes 
--conjunctival and genital — and that six similar experiments with 
dchab were all negative. In this way the .Sergents were able to 
differentiate dourine from other Algerian trypanosomiases.) 

‘ The absorption by the digestive tract,' says Rouget, ‘ of different 
substances rich in parasites has never V^een followed by infection.' 

Naturally, the material inoculated will not give rise to dourine 
unless it contains the specific trypanosome?. It is important to bear 
this in mind when dealing with blood which, as we have seen, 
always contains few parasites. It explains the contradictory results 
obtained by the older investigators. It is often necessary to inject 
5, 10, 15, or 20 c.c. of blood to get a positive result. 

Nocard found in 1892 that the softened parts of the spinal cord 
were also infective. 

The dog being very susceptible to dourine, the injection into 
that animal of blood-stained cedema lliiid, or, failing that, of blood, 
affords a valuable means of diagnosis in doubtful cases — as, for 
example, in donkeys — but it should always be remembered that 
when one has to inject blood, from 10 to 20 c.c. should be inocu- 
lated. [But the diagnosis of dourine, even by animal inoculation, 
is often difficult. Thus Schneider and Buffard’s . stallion, which 
served thirty-seven mares and infected four of them (see p. 320, foot- 

21 — 2 
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note 2), never showed trypanosomes, and its blood was not infoc^ 
tive on injection into dogs and rabbits.] 

Dogs. — ^The dog never suffers from the disease naturally, but is 
very susceptible to experimental inoculation with virulent materi:il 
from infected Equidai. 

In 1892 Nocard' showed that the dog contracts a disease closely 
resembling doiirine in horses, when inoculated in the anterior 
chamber of the eye with some softened nerve substance from the 
spinal cord of a diseased horse. 

Rouget (loc. cit,) also studied the disease experimentally in the 
dog. He drew particular attention to the eye lesions (exophthalmos, 
keratitis, followed by staphyloma, and hypopyon), to the very marked 
motor troubles, and to the pronounced oedema of the external genital 
organs. 

Schneider and Buffard gave dourine to the dog by subcutaneous 
inoculation with the blood or fresh spinal cord of infected animals. 

Six to eight days after inoculation the animals have a tempera- 
ture of 39° or 39*5° C. \jo2'2° or ro3"2® F. |. From twelve to twenty 
daj's after inoculation, there is extensive cedema of the abdominal wall, 
usually around the site of inoculation, and also swelling of the genital 
organs— acute balanitis in the male, acute inflammation of the genito- 
urinary mucous membrane, with an abundant vaginal discharge in 
the female. There is continued fever (39° to 39*5*^ C.) and the 
appetite is good, although the animal appears restless and ill. The 
gait is hesitating ; the kidneys are pushed upwards, and are very 
tender on pressure. The swelling of the genital organs alone 
persists. 

When the disease has established itself, the signs and symptoms 
are : wasting, in spite of a good appetite ; trouble with locomotion, 
especially with the hind-limbs; localized cedeinas; and cutaneous 
plaques. The latter, which arc only visible in animals whose hair has 
been cut short, resemble the plaques seen in horses. If they are 
punctured soon after they appear, the blood which escapes contains 
many trypanosomes. Other symptoms arc arthritis, with effusion 
into the joints, and various eye troubles, such as opacity of the 
cornea and lens, purulent conjunctivitis, and ulcerative keratitis, with 
hypopyon. Fever is always continued, the temperature being 
39° to 40® C. [i02"2*^ to 104° F.J. In very resistant animals the 
temperature falls to between 38"3® and C. [101° and 102® F] 
at the end of three to four weeks, 

There are always periods of improvement, but these remissions 
are merely temporary, the disease nearly always terminating fatally- 
Nevertheless Nocard has seen dogs recover after having be^ni 
extremely ill. 

This stage of the disease lasts about a month. Sometimes death 
occurs rather rapidly after an attack of paralysis. More often 
' Nocjird, C, R. Acad. ScicnccSy v. 114, 1S92, p. 1S8. 
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emaciation becomes extreme, so that the animal is a mere skeleton, 
and finally it refuses food altogether. On the slightest exertion 
it becomes dyspiKeic. Death occurs suddenly, probably from 
syncope. 

[Pease^ states that, according to Schneider and l^uffard, certain 
breeds of dogs easily contract dourine by subcutaneous inoculation 
and by coitus, while other breeds are very resistant. Pease found 
the same thing with pariah dogs in Lahore. Of twelve dogs and 
bitches inoculated in various ways, only one showed any symptoms 
whatever, although control animals — other breeds of dogs — were 
readily affected. These pariah dogs, which wore refractory to 
dourine, as well as the one which showed a slight local infection 
and then completely recovered, were highly susceptible to surra.] 

[Thomas and Breinl- have experimented upon several puppies and one 
adult dog. The incubation period in the former was from four and 
a lialf to eleven days (average seven days), in the latter thirteen days. 
The total duration of the disease was twenty-two to sixty-four days 
(average five to six weeks) in the puppies ; the adult dog lost llesh and 
became very anantiic, but recovered in two and a half months, h'our 
months later it was killed, and a pup inoculated with its blood developed 
the disease. In the puppies the chief symptoms were : profound anrrmia, 
loss of weight, (edema of the genital organs, hind-limbs, and abdomen, 
purulent discharge from the eyes and nose, and in one case partial paralysis 
of the hind-limbs. Trypanosomes were at first very scanty in the blood, 
but increased from about the third week onwards ; many dividing forms 
were then also seen in the blood.] 

[Post-mortem the spleen and lymphatic glands were moderately 
enlarged ; there was often m\ich fluid in the serous cavities, and small 
petechial hamiorrhages on the surface of the lungs. The serous effusions 
and oxlematous patches contained many trypanosomes. There was 
frequently considerable uidema around the lumbar region of the cord.] 

RAiiiMTs. — Koiiget clearly recognised the susceptibility of the 
rabbit to the trypanosome of dourine. 

‘ Fever is irregular and does not, as a rule, appear during the first 
few days after inoculation. The temperature Huctuates between 
39’5° ‘ind 40 C. [103*2° and 104° F.j, without falling much iji the 
morning. Then the temperature becomes normal, but from time to 
time there are sudden rises wdiich cannot be accounted for on 
examining the animal. 

‘ One of the earliest signs is localiifed or general (edema ofi the 
(.‘ars, which hang down, arc hot, and pit on pressure. The dilated 
vessels are seen to be gorged with blood. The fluid which exudes 
on incision contains the parasite, often in large numbers. The 
swelling persists for one or more weeks, then further changes take 
place: the veins become thrombosed, the skin becomes dry and 
scaly, the hair falls out, and on two occasions we have seen sloughs 

I ^ci.Joiirn.^ v. 9, 1904, p. 187.] 

“ [Thomas and Breinl, Thowpson Yales ami Johnston Lah. Reports^ v. 6, 
part 2, 1905, p. 32. Mesnil remarks (Hull, Inst. /V/vA, v. 4, p. 124) that their 
'aus, of which they do not give the source, was of the Schneider- Biiffard type.] 
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the size of a shilling, which, on removal, left a perforation of the 
cartilage. . . . 

‘ Later on the limbs become swollen and ulcerated, the claws 
long and brittle, the skin is covered with scabs, and the hair falls ouL 
At the same time there is weakness of the hind-limbs, which may 
go on to complete paraplegia and involve the sphincters. The 
general condition of the animal rapidly gets worse, and in spite of a 
good appetite, wasting continues, so that the animal often loses more 
than a third of its original weight. 

‘ There is a miico-piirulent conjunctivitis, the parasite being 
found in the exudate. The eyelids are swollen and irritated by the 
pus which adheres to them. We have not observed any well-defined 
lesions of the ej eball, such as are seen in the mouse and dog. 

^ In some animals there is a discharge from the nose, and the 
nostrils are covered with thick, adherent crusts, beneath which the 
tissues are destroyed and the bones exposed. 

‘ The external genitalia arc always affected. In the female the 
vulva and anus are swollen, the congested mucous membrane bleeds 
easily, and sometimes shows one or two indolent ulcers. In the 
male there arc (edema of the sheath and paraphimosis, and the end 
of the penis thus exposed may necrose. We have seen thnte cases 
in which the skin of the scrotum sloughed and exposed the testicle. 

‘ In the rabbit the disease lasts from one to three or four months, 
varying with the age and weight of the animal. Death occurred in 
all the animals (twenty-live in number) inoculated by us.’ 

As in the Equid^e and in dogs, the parasites are comparatively 
scanty in the blood, and are present irregularl}' and intermittently; 
but, says Rouget, ‘ we have not been able to establish any relation 
between the febrile paroxysms observed and the presence of the 
parasite in the blood. In order to discover in which parts of the 
body the trypanosome may be found, we sacrificed several rabbits 
which w^ere obviously infected, but whose bl(3od failed to show the 
parasite on microscopical examination. We found them in the spleen, 
in the ocular media, on the mucous surfaces, and in the plaques, but 
never in the marrow' of the bones.’ 

We have ourselves inoculated tw'o rabbits with the oedema Hukl 
of an infected dog, one in the vulva and the other subcutaneously. 
The former quickly showed the train of symptoms so well described 
by Rouget, and died in two and a half months. The latter showed no 
obvious signs until after two and a half months, and died nine months 
after the inoculation, having almost completely recovered from the 
cutaneous and ocular lesions. At the seventh month after inocula- 
tion its lesions so closely resembled those of two rabbits with nagana 
w'hich we had under observation at the same time that they were 
scarcely distinguishable from them ; but in the two rabbits with 
nagana t]ie lesions had appeared much more (juickly, and death 
rapidly supervened. 
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^ At the autopsy,’ says Rouget, * in addition to the lesions already 
described, one finds enlargement of the lymphatic glands, exudation 
into the peritoneal cavity, and congestion of the liver and spleen. 
The remaining organs appear healthy. The parasite is found every- 
where — in the various fluids, in the viscera, in the glands (testicles), 
and on the mucous surfaces (urethra). 

‘ Rabbits from which the spleen had been removed were inocu- 
lated after they had recovered from the operation, and the disease 
ran the same course as in control animals.’ 

I Thomas and Breinl have recorded similar results in the rabbits 
inoculated by them. The incubation period after subcutaneous 
injection was six to eleven days, and death occurred, as a rule, in 
twenty-four to 108 days. Some animals were still alive six months 
after inoculation.] 

Rats and Mice. — The observations of Rouget on the one hand, 
and of Schneider and l^uffard on the other, differ materially as to 
the susceptibility of rats and mice. This has led to a good deal of 
discussion, in which these scientists have taken a prominent part. 

Let us consider first the facts as stated by Rouget : ‘ On subcu- 
taneous injection of small doses of the virus (^V,- c.c. of a mixture of 
broth and infective blood, in such a proportion that one drop of the 
mixture shows one or two parasites in each field of the microscope), 
irypanosomes can be found in the blood taken from the tip of the 
tail at the end of tlie third day, and on three occasions they were 
found in twenty-four hours. After intraperitoneal injection the 
l)ara5ite may be found in the blood after thirty-six or forty-eight 
hours. The injection of large doses of the virus shortens the incu- 
bation period. The parasites increase rapidly, and they go on 
multiplying until death, which occurs from the fifth to the eleventh 
day after inoculation. At death the trypanosomes arc more 
numerous than the red corpuscles. 

‘The mice do not appear ill until just a few hours before death, 
when they sit quite still and huddled up, the eyes closed, and the hair 
dry and bristling. They are insensitive to external stimuli, and the 
cornea; become white and opaque, either partially or completely. 

‘ At the autopsy there is sometimes a blood-stained exudation in 
the peritoneal cavity, but the most noticeable lesions are hyperaimia 
of the abdominal parietes and enUirgement of the liver and spleen — 
the latter weighing as much as 2 grammes. The spleen is glistening, 
swollen, and of a pink colour ; the liver is markedly congested, and 
the bladder is distended with urine. The other organs look normal, 
and the lungs appear quite healthy. The lymphatic glands near the 
site of inoculation are enlarged. The parasite is found in the sub- 
stance of all the internal organs, in the ocular media, and in the 
testicles, but not in the urine or in the contents of the alimentary canal. 

‘ Grey mice and white rats react in the same manner, but the 
disease lasts a little longer in the latter (fifteen days). 
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‘ Sewer rats present certain peculiarities. Some are susceptihK , 
others are quite refractory ; in others, again, the parasite multiplier 
in the blood for a time — as can be ascertained by systcmaiir 
examination of the blood — then permanently disappears, the aninud 
remaining in good health. Of thirty rats caught in the drains of the 
military hospital at Constantine, seven died of the infection, nine 
were quite refractory, and fourteen were only slightly susceptible.’ 

Nocard, who experimented with the trypanosome of Schneider 
and Buffard, says {loc. cit., p. 162) : ‘ I have never succeeded in killing 
a single mouse. At first my mice showed a few parasites in the blood 
of the tail six to eight days after inoculation, but now, after more 
than twenty-eight passages through the dog, not only do the mice 
not die, but they appear absolutely refractory.’ Later ^ he says: 

* As regards the rat, which at first appeared as refractory as the 
mouse, intracerebral inoculation killed a young rat about six weeks 
old, and during the last few days of its life trypanosomes in appre- 
ciable numbers were found in its blood. Since that time the parasite, 
which in this way had become virulent for the rtit, killed — in from six 
to fifteen days— all the \vhite rats inoculated, even subcutaneously, 
with a trace of infective blood.’ Nocard told us that he lost this 
virulent strain of the trypanosome during the vacation of 1901, and 
could not succeed in getting another. 

Schneider and Buffard never succeeded in infecting either rats or 
mice with their trypanosomes," and they state that Billet and 
Marchal, in Constantine, similarly failed to infect grey mice.^ 

This difference in their experimental results led Schneider and 
Buffard to suppose that Rouget’s horse was not suffering from 
dourine."* 

Rouget"’ hastened to reply to the criticism, and mentioned the 
fact that he had inoculated all his rats and mice with a virus which 
had been passed through the rabbit, which neither Schneider and 
Buffard nor Nocard had done. 

Working on those lines. Nocard tried again to infect mice, and 
we quote the following remarks upon the subject, which he wrote to 
us in June, 1903 : 

* Nocard, C. Scfc. May 4, 1901, pp. 464--466. 

Schneider and Huffard, Rec, mciL vetdr,^ December 15, 1902, pp. 721-727. 

^ Dr. nillet has lecently confirmed this statenieiu in a letter to us. None of 
the strains of trypanosome which he found was infective for the mouse. 

* In so far as the dia}>nosis is concerned, we may remark that it had been made 
with certainty in 1894 by the veterinary officer Busy. It was only in 1S99 that 
Busy, doubtless owing to the discovery of other trypanosome diseases, expressed 
slight doubts about his earlier diagnosis in a report which Schneider and Buffard 
have made public. On reading the two successive reports of Busy (in Schneider 
and Buffard, loc. cit.^ pp. 726, 727), one finds that the horse was ill at least three fin<l 
a half months before death, that it had oedema of the sheath and scrotum, swelling 
of the mucous membrane of the urethra and of the glans penis; ‘well-defined, 
rounded, prominent plaques'* on the flanks and hind-quarters (first report ; in the 
second report Busy mentions only slight staring of the coat), and no fever. All 
these symptoii^s w'ould point todourine rather than to mal dc laZusfann (see p. 21 r,, 
in which there are no cedematous swellings. 

‘ ^ Rouget, Rec. mcd. vdter.^ February 15, 1903, pp. 8 1-90. 
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‘ I inoculated three mice with blood from a rabbit with dourine, 
and on the sixth day two of the mice showed a few trypanosomes in 
their blood. One of these animals recovered, but the other became 
very ill, so that on the fourteenth day, seeing that it was dying, I 
killed it in order to collect some blood. It contained the trypano- 
some in enormous numbers. 

I had on several previous occasions injected the blood of this 
mouse into six other mice, without any of them showing tlio parasite. 
The day the animal was killed I reinoculated them all, and in 
addition inoculated four fresh mice. Three days later I found a few 
trypanosomes in the blood of three of the newly-inoculated mice 
and of one of those reinoculated, but instead of increasing in number 
the parasites rapidly disappeared ! 

‘ Since then I have inoculated twelve fresh mice — both intra- 
peritoneally and subcutaneously — with large doses (as much as 2 c.c.) 
of blood taken from rabbits dying of dourine, but without result ! 
This blood was nevertheless infective, for it gave the disease to 
rabbits and dogs. 

‘ I have, therefore, been the victim of a particular instance of in- 
dividual suvseeptibility, and Kouget's hypothesis still remains to be 
proved.’ 

In their recent review of the trypanosomes,’ Rabinowitsch and 
Kempner state that, starting with a trypanosome of dourine (obtained 
from Nocard, who got it from Schneider and Buffard), which was 
not at all virulent for rats or mice, after more than ten passages they 
succeeded in infecting white rats. They do not give any other 
details. 

Finally, Rouget has recently published the results of further 
experiments upon rats and mice witli a trypanosome from a stallion 
in the remount depot at Blidah, which confirm in every detail the 
earlier results he obtained in 1896.- 

To summarize, then, we see that the trypanosomes of Rouget 
killed all white and grey mice, all white rats, and a certain per- 
centage of sewer rats ; that the trypanosome of Schneider and 
Buffard, in Nocard’s hands, killed a series of rats and one mouse, 
and gave a mild and temporary infection to other mice, but iinally 
was without effect upon numerous rats and mice; while in the hands 
of Rabinowitsch and Kempner this .same tr) panosoine was reqdercd 
virulent for the rat. 

As a result, we think that Rouget was dealing with the trypano- 
some of dourine*’ and, so far as the susceptibility of rats and mice is 

’ Rabinowitsch and Kempner, Centralb,/, Baklcr.^ I, Orig., v. 34, if;o3, p. 815. 

^ Rouget, C. R, Soa RioL^ v. 56, May 7, 1904, p. 744. According to Rouget, 
there can be no doubt about the diagnosis of dourine in this Blidah stallion, for it 
was proved experimentally. A gelding was inoculated with the blood of the 
stallion, and the progress of the disease thus*transinitted was followed step by step 
by the veterinary officer Chenot. 

® rrhis has been confirmed by Mcsnil and Rouget’s experiments, described 
later.l 
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concerned, we are of opinion that it varies with the strain of trypano- 
some (for there may be several varieties of dourine), with the species 
of animals through which the parasite has been passed, and with tho 
rats and mice used. 

[Ligni^res * has made some observations upon rats with the Schneider 
Buffard trypanosome of dourine. At first the rats died in about two 
months, but after a series of passages they died, with some exceptions, in 
five to six days. This confirms the results of Rabinowitsch and Kempner 
with a virus obtained from the same source.] 

[Mesnil states that this virus, after passage through rats — given him 
by Rabinowitsch — kills mice in about six days. Ligniferes* exalted virus 
killed all the horses and dogs experimented upon; rabbits, however, 
recovered after a year.] 

{Thomas and Breinl inoculated twenty-three rats with large numbers 
of the parasite ; only two showed trypanosomes in their blood, and these 
rats died in eleven and eighteen days.] 

[As in caderas and, to a less extent, in nagana, mice injected with the 
blood of finother mouse undergoing treatment with trypanred become 
infected after a very long incubation period (llalberstaedter). Thus in 
one experiment it was found that the incubation period was four weeks, 
but the course of the infection was not otherwise altered, and the mouse 
died two days later.] 

According to Nocard {Biolo<^ic^ 1901, p. 465), ‘all species of 
ruminants appear to be absolutely refractory to dourine, as do also 
the macaque monkeys.’ [Subsequent observations have shown, 
however, that this is not the case. Pease- inoculated two buffaloes 
W’ith virulent blood containing the trypanosome of Indian dourine, 
and in both cases observed local swelling and multiplication of the 
parasite at the site of inoculation. One buflalo was rcinoculated 
three months after the first injection, and trypanosomes were again 
found at the site of inoculation. A third injection, of 100 c.c. blood, 
given a inontji after the second, produced no effect in three months, 
so that the buffalo had probably become immunized. The animal 
was then injected with surra, and 7 \ evami was present in its blood 
on the twelfth day.] 

[Pease also inoculated a sheep and a goat with dourine, but un- 
successfully. Thomas and Breinl likewise failed to infect a goat 
with this trypanosome.] 

[Mesnil and Rouget,-^ having obtained an exalted virus, repeated 
Nocard’s experiments upon ruminants and monkeys, and found both 
these species susceptible.] 

[A goat was injected subcutaneously with the blood of a mouse infected 
with Rouget’s (1904) trypanosome. On the eighth day and at intervals 
during the first two months after inoculation a few trypanosomes were 
seen in blood-films. The goat’s blood was still infective (on injection) 

* [Ligni^res, Report to Pathological Section of Eighth Congreas of Veterinary 
Medicine^ l^udapest, September, 1905 ; abstract by Mesnil, BulL Inst, Past,^ 
V. 3, p. 946.] 

2 [Pease, Vet; Joi/rn,^ v. to, 1904, p. 297 ^ 

[Mesnil and Roiigct, Ann. Inst. Past., v. 20, 1906, p. 689]. 
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sixteen months after the animal was inoculated. Nineteen months after 
inoculation the goat was still alive, but then became blind fairly rapidly, 
and a fatal termination seemed probable. As sometimes happens in ecpiine 
dourine, there were periods of temporary improvement simulating recovery. 
One of the mice inoculated with the blood of this goat dietl in sixty-two 
and a half days, after passing through a stage of apparent cure. Four 
(logs out of five inoculated developed blindness.] 

[A Breton cow, inoculated at Alfort by Valltie with the same virus, also 
became infected, the infection lasting several months. The cow became 
immunized, for a reinoculatioh made six months after the first failed to 
reinfect the anitnal.] 

[A young goat (^J ) was inoculated with the original Schneider- J “5 iiffard 
virus made virulent for rats by Rabinowitsch. A very mild infection 
followed, which lasted about six months. The goat recovered and ac(]uired 
immunity, for a fresh inoculation with the same virus produced no effect. 
Three months after the second inoculation the goat was injected with the 
Kmiget \ irus, and was found to be immune against this, as well as against 
the original Schneider-1 juffard trypanosome. This experiment proves the 
identity of the parasites found in horses having the symptoms of douriiio.] 

[The monkey inoculated by Mcsnil and Koiigct was a large 
Maaicus cymmol^m. It was injected with the Kouget virus, and 
had a severe infection lasting three to four months, with rises of 
temporature — to 40*^ C. (104^ F.) or above on several occasions, 
generally coinciding with exacerbations in the numbers of the 
parasite. The animal died five months after inoculation, but it had 
apparently recovered from its trypanosome infection.] 

In iS()f) Roiiget stated that ^guinea-pigs were refractory at all 
ages and under any conditions,' but with a trypanosome derived 
from another source in 1904 all his guinea-pigs became infected 
i personal communication). 

[Rabinowitsch and Kempner succeeded in raising the virulence 
of the trypanosome of Schneider and l^iiffard, by passage through 
white rats, so that it became pathogenic for rats and also for guinea- 
pigs. Thomas and Breinl inoculated four guinea-pigs and a cat, but 
with negative results.] 

Refractory Animals.^ — ‘Birds — fowls, pigeons, and sparrows 
- and bats are refactory, no matter how many trypanosomes be 
injected, or what mode of inoculation be employed. Fowls and 
pigeons, cooled in the ordinary way, were found to be absolutely 
immune . . 

‘ Cold-blooded animals snakes, lizards, frogs — are insusceptible. 
I'rogs placed in the incubator at C. were inoculated on several 
occasions in the dorsal lymph sac; but the parasites never multi- 
plied, and no trace of them could be found after thirty-six hours ’ 
(Rouget). 

* [bergeret and IJonin (^Lyon maiiCiU^ v. 104, 1904, p. 622) record a case of 
dourine in a man who is supposed to have • contracted the disease through sexual 
intercourse with a mare. On reading their account of the case it is seen that there 
's no proof that the man really had dounne ; the symptoms were urethral dis- 
charge, enlarged glands, and general wc.akness. 'rrypanosomes were never looked 
for in the man, nor were they found in the mare. ] 
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Section 4.— The TrypmiOHoma eqiiiperdum. 

We certainly have less information concerning the morpholo^^y 
and biology of the trypanosome of dourine than we have of any of 
the other well-known pathogenic trypanosomes. 

Ronget’s report of i8g6 contains several figures giving a good 
general idea of the parasite as it appears in the living state ; but at 
that time the methods of staining were insuflicient to bring out the 
distinctive points in the morphology of these parasites. 

In their papers published in igoo Schneider and Buffard give a 
large number of figures of the trypanosome, accompanied by a long 
description, but both figures and text are lacking in precision. 
These authors certainly saw small agglutination rosettes, and pos- 
sibly, too, forms dividing longitudinally. Since then Schneider and 
Buffard have not again referred to the morphology of their trypano- 
some. In their ‘ Treatise on Micro-biological rechniqiic, published 
in 1902, Nicollc and Remlinger give, on p. 897, some of Schneider s 
figures, which are more detailed copies of some of the drawings in 
his paper of 1900. These figures show five stages in the longi- 
tudinal division of the parasite, closely resembling those we hail 
given a year previously for the trypanosome of nagana. 

Thanks to Nocard and Schneider, wc were able, in the year 1900, 
to study the trypanosome of dourine in the blood-stained ctdeiiui 
fluid of the horse and dog, and have, on two occasions, given an 
account of the morphology of this parasite November 17, 

igoo, and March 23, 1901), showing, among other things, that its 
mode of longitudinal division is identical with that of / . brticei, and 
that it differs from the latter trypanosome in several details. 
Fig. 44 is drawn from our preparations made at that time. 

In their paper of October, 1903, Rabinowitsch and Kempner give 
four coloured figures of 7 . cquipcrduni, but none of them shows an} 
dividing forms. Since igoo we have had the opportunity of study ing 
this trypanosome in the blood of Nocard’S mouse (see p. 329)? 
other mice obtained from Rouget. 

In ordinary fresh preparations the trypanosome of dourine 
resembles the other pathogenic trypanosomes. Like them, it 
scarcely moves except in loco, but it is quite easy to make out that 
it can move from place to place, the flagellum being usually, but b} 
no means always, foremost. 

In films made from the blood-stained oedema fluid of the dog or 
horse, and stained by our ordinary method, the parasite has the 
appearance given in Fig. 44. The centrosome is always very distinct, 
and is exactly the same as in T*. brncci and T. evansi, while the 
undulating membrane is almost as much folded as in those trypano- 
somes. The nucleus is centrall}' situated, and the free flagellum is 
about as long as in T. brucei. The posterior extremity may vary 
considerably in form, and sometimes it seems to present two points. 
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ns seen in Fig. 44, 2, j. This part of the parasite is undoubtedly 
^ery contractile, but apparently a little less so along the edges than 
in the middle.^ 

The protoplasm stains fairly uniformly, but perhaps a little less 
deeply than in the case of the other pathogenic trypanosomes. In 
this respect T. equipcrdwn is rather like T. lewisi. The protoplasmic 
granules seen in T. hrucei and others arc never seen in this trypano- 
Sfune, which is an important distinguishing feature, for it appears to 
be a constant one. Schneider has also noticed this point, and as 
these granules are present in the trypanosomes found in horses 
siitfering from vial dc la Zn^ana (see p. 211), he regards those 
trypanosomes as different from T. equipeydum. 

Lastly, we should draw attention to the precentrosomic vacuole 
seen in Fig. 44, This re.sembles the vacuole, similarly situated. 



Fig. 44. — T. E^,jUiFEi2nuM. 

I. OrJinary form, not undergoing division. 2, 3, Stages in binary fission. 4. Form 

with vacuole. 


which is found in T. i^ambicmc occurrinf:^ in the cerebro-spinnl fluid 
in sleeping sickness. Its causation is undoubtedly the same in both 
cases. It is difficult to fix the trypanosomes perfectly in any of the 
body fluids other than pure blood.- 

The parasite is 25 /x to 28 fi long, even in the horse, and is there- 
fore a little shorter than T, bviicei ; it is also slightly narrower. 

Fig. 44, 2y j shows two stages in longitudinal binary fission, 
which takes place in the usual way. 

As we have already mentioned, the above remarks refer to the try- 
panosome of Schneider and Bufliird, as found in the dog and horse. 

In the blood of the mice we have examined the trypanosome is 
slightly different. For example, in Nocard’s mouse the parasites 
are more stumpy than those we have just described, and the proto- 

’ [Dr. Woodcock sug-gests that the bifid appearance of the posterior extremity 
may possibly be due to commencing division, for in both cases fi^jured and j) 
division had beg-un.] 

[As previously stated (Chapter III.), I am not entirely in agreement with the 
authors on this point. In Uganda, trypan(»onics in MvvAfilms of human beings 
^md of animals infected with T. ^^ambteme often showed a precentrosomic 
vacuole — Ei>.] 
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plasm contains a number of large granules. Possibl)' the trypano 
somes showed these characteristics because the mouse was on tht 
point of dying when it was killed. In the blood of Rougct’s 
mice, taken a considerable time before death, these stumpy forms 
were again met with, and the grtinules were also present, but tlit\ 
were very scanty. In one specimen we saw a trypanosome with six 
nuclei, two of which were still dividing. We have recorded similar 
forms in the case of T, bnicci and T. cquinttm, Rabinowitsch aiu.l 
Kempner {loc. ciL, p. S12) talk of parasites with eight and ten nuclei 
arranged in the form of a rosette. Possibly, too, one of Schneider 
and l^uffard's figures represents a similar case of multiple division. 

fin Lingard's account of the trypanosome of Indian dourine ht: 
states that this trypanosome contains fewer and smaller chromatic 
granules than does T. evansi ; also that its undulating membrane is 
less developed. Only one mode of division — longitudinal fission — 
occurs. This may begin at cither end or in the middle.] 

The systematic study of the morphology of T, cquiperdiim in the 
various susceptible mammals is very necessary. 

The few details we possess concerning the biology of this parasite 
seem to show that it differs hardly at all from that of the other 
trypanosomes. 

‘ After escaping from the bloodvessels the parasite retains its 
motility only for a few hours; but we have seen it remain motile 
for forty-eight hours, in a sealed preparation, kept at a temperature 
of 36° C. After twenty-four hours, however, the blood of an infected 
animal is no longer virulent ’ (Schneider and Buffard). 

So far as we arc aware, the action of different serums upon 
r. cqitiperdum has not been investigated. 

[It has already been mentioned that Lingard found the blood and 
blood-stained oedema fluid from a plaque microbicidal in vitro^ causing 
loss of motility and granular degeneration of the trypanosomes. We 
shall also see later (Section 7) that Rabinowitsch and Kempner 
found human serum, as well as the serum of immunized rats, 
microbicidal.] 

[Jakimoff and Nina KohP have made some observations upon 
the vitality of this trypanosome in corpses, and the former- has, in 
addition, studied the vitality of 1 \ eqiiiperdum under conditions 
similar to those previously used by him for T, hnicei and T. eqiiinum 
(see pp. 157 and 3^^5)-] 

[Mice that had died of dourine showed motile trypanosomes thirty 
hours after death when the body was kept at a temperature of 2*5° to 5® C. 
above zero. No living trypanosomes were found after eighteen hours if 
the corpse was kept at the room temperature.] 

[The vitality of T. equiperdnm was also tested under the following 
conditions: (1) In defibrinated blood; (2) on adding citrate solution; 
and (3) on adding horse serum ; and in each of these cases the trypano- 

' f Jakiinoflf and Nina Khol, Arch, des Sc. Bioh (Russes), 1906, Nos. 4, 5.] 

2 [jakimoff,. C. R, Sue. BioL^ v. 61, 1906, p. 631.] 
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sonies were kept at different temperatures: 4° C. to zero, room temperature 
(21® C.), and 32‘5° C. The trypanosome was found to retain its virulence 
longest (three days) when mixed with the citrate and kepi in the yefrigenitor. 
The virulence was retained for two days in the defibrinated blood, and for 
only one day after the addition of horse serum. In every case the virulence 
was tested by injecting white mice. The incubation period was always 
increased ; instead of three to four days, it was eight to thirteen days.] 

[On comparing the three trypanosomes, it is seen that T. hnicd and 
T. cquinnm are much more resistant than T, cqnipcrdnm, riie first two can 
survive for six days under certain conditions, and the best media for them 
are defibrinated blood and horse scrum. Nor is the optimum temperature 
the same ; T, brncei and T. eqiiinnni survive longest at the room temperature, 
T, eqiiiperdum at, or just below, zero.] 

Schneider and Buffard figure a rosette of five parasites united by 
their posterior ends. Rouget has observed that when the trypano- 
somes are very numerous in the blood of mice, ‘they occur in thick 
clusters,’ and we have noticed the same thing. 

[Cultivation of T. eqiiipcrdiim . — Thomas and Breinl have made 
several attempts to cultivate this trypanosome, with slight success. 
Two tubes of a modified Novy and McNeal’s medium, the same 
as that used for 7 \ equinum (see footnote, p. 306), out of nineteen 
inoculated with the blood and oedema fluid of a puppy, showed 
motile trypanosomes on the eleventh day. On the seventeenth day 
one of the cultures showed many dividing forms which were 
agglomerated into clumps, but no rosettes were seen. There were 
also many single parasites, but their motility was much diminished. 
On this date, the seventeenth day, the culture was still pathogenic.] 

Section 5. — The Individuality of Dourine. 

As we have seen, the trypanosome of dourine differs only slightly 
from the other trypanosomes of the type briicci; hut it is particu- 
larly scanty in the blood of infected E(]uida‘. 

From the point of view of its clinical course in the Kquida, 
dourine resembles the other animal trypanosomiases in some 
respects, but differs from them in others. The points of resem- 
blance are the following : the anaraia, the fever, the swellings 
affecting especially the genital organs and the dependent parts of 
the body, the lesions of the eyeball and eyelids, the wasting — in 
spite of a normal or even an increased appetite — and the muscular 
weakness, especially of the hind-limbs. The chief points of differ- 
ence are : the duration of the disease, the presence of the cutaneous 
plaques, the symptoms of paralysis of the hind-quarters associated 
with the presence of patches of softening in the spinal cord, and the 
long afebrile periods which follow the initial rises of temperature. 

The characteristic features of dourine are not constant — the 
cutaneous plaques, for example, are usually absent in • the donkey — 
^nd in the horse they may be regarded as having some relation to 
the very chronic course of the malady, for in the subacute cases they 
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do not occur. Nocard (vide supra) was able to kill horses in four to 
eight weeks, and the temperature in those cases was exactly as in 
surra or nagana. On the other hand, we have seen that some Togo 
horses did not succumb for nearly a year to a trypanosomiasis closely 
allied to nagana. 

In the Equidai dourinc behaves, then, like an attenuated form of 
nagana, and the same may be said of its behaviour in the ordinary 
laboratory animals — dogs, rabbits, rats, and mice. In rabbits this 
resemblance is particularly marked. The lesions of the eyes, genital 
organs, and skin in rabbits suffering from dourine, so closely 
resemble the lesions produced by nagana or caderas as to be indistin- 
guishable from them. The only difference is that in dourinc the 
progress of the disease is much slower. In nagana the rabbit never 
lives longer than two months after inoculation, whereas in dourine 
the animal may live for six months with the characteristic symptoms, 
and may even recover.^ 

[It has been stated that ] many animals susceptible to nagana and 
to the allied trypanosomiases are refractory to dourine, such as 
macaque monkeys (according to Nocard), goats, sheep, and cattle. 
It will be remembered, however, that all these mammals, except 
perhaps monkeys, are less susceptible to nagana than the ordinary 
experimental animals. Cattle suffer, as a rule, only slightly in surra, 
and in mal do caderas are not ill at all, yet we have seen how closely 
these two epizootics resemble the African diseases which are pro- 
pagated by tsetse-Hies or other biting insects. 

[The observations of Pease and of Mcsnil and Rouget establish- 
ing the susceptibility of ruminants and monkeys to the virus of 
dourinc, bring this trypanosome into line with the other pathogenic 
mammalian trypanosomes. Injections into these species of animals 
can, therefore, no longer be relied upon in diagnosing dourinc from 
allied trypandsomiases, as is frequently necessary in Algeria, India, 
and elsewhere. Pease has shown that the pariah dogs in Lahore 
arc very resistant to dourine, but susceptible to surra, while ordinary 
dogs are susceptible to both diseases. This might be utilized as a 
means of diagnosis, and, moreover, tends to show that surra and 
dourinc are distinct diseases.] 

So far as the aetiology is concerned, dourinc stands alone, for 
infection occurs by coitus. That may be due simply to the fact that 
the trypanosome can pass through healthy mucous membranes. 
The Sergents’ comparative experiments on this point with the 
trypanosomes of dourine and of dehab (see p. 219) are interesting, 
and show^ that these two Algerian trypanosomiases are distinct 
morbid entities. 

That flies cannot play any part in the propagation of dourine is 
certain, and may be due to the absence of the appropriate carriers 
of the infection from countries in which the disease is prevalent, or 
[Ligni^res’ rabbits recovered after a year. See p. 330.] 
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to the fact that very few parasites are present in tlic blood of infected 
animals. It would be interesting to know what tlie ajtiology would 
be in a country in which the tsetse is found. 

[Lingard, in his paper on ‘ Doiirine and its Trypanosome,’ to 
which frequent reference has been made, says that flies (sp. ?) 
can convtiy the trypanosome of donrinc and produce infection in 
healthy susceptible animals. There is no evidence at present, how- 
ever, that flies act as an intermediate host.] 

The following experiments point clearly to the individuality of 
donrinc. Nocard {Binlogie, May 4, 1901, p. 466) inoculated with 
jiagana a control dog and two other dogs highly irnmiiniml against 
dourine. Whereas the control dog lived for fourteen days, the two 
dogs wdiich were refractory to dourine died in eleven days. Later, 
Lignieres^ made an analogous observation by inoculating the para- 
site of caderas into two dogs immunii^ed against dourine. These 
dogs succumbed to caderas in about one and a half months, whilst 
the controls lived about two months. 

From these facts it can scarcely be doubted that animals im- 
nuinized against dourine arc susceptible to the other trypano- 
somiases — to surra, for example. We may therefore conclmle that 
dourine is a definite morbid entity. 

[Other, more recent, observations conlirming this conclusion as 
to the specificity of dourine are those of Pease, who immiini;jed a 
buffalo against dourine and then found it susceptible to surra, and 
of Mesnil and Kouget, who immuni/ed a goat against the virus of 
Schneider and l^uffard and then found it insusceptible to the virus 
of Rouget. The latter result proves the identity of the parasites 
tound in horses suffering from dourine in different parts of the 
world.] 


Section 6. — Mode of Propagration. 

Dourine is transmitted by coitus, [in this respect, as well as in 
several others, it resembles syphilis. The virus in both cases has 
the power of penetrating intact mucous membranes. Dourine is due 
to a specific trypanosome, while syphilis is almost certainly caused 
by the Treponema pallidum of Schaudinn, and, as was stated in 
Chapter III., a trypanosome stage in the life history of this parasite 
has been described by Krzysztalowic/ and Siedlecki. Like sypjiilis 
in man, dourine may run a very chronic course in horses (two years 
or more), and the lesion found in dourine in the lumbo-sacral region 
of the cord to some extent resembles a localized syphilitic meningo- 
niyelitis (Mott).J 

Before we knew anything about the pathogenic agent of the 
disease, ‘the experimental proof of this mode of transmission (by 
coitus), previously given by Hertwig, was again furnished by Prince 

^ Lignicrcs, AV?/. Soc. med. v. ro, 1902, pp. 112-114. 
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and Lafosse in 1861-1862. Of fifteen healthy mares which were* 
covered by four diseased stallions, ten became infected — five of them 
severely — while five remained well. Two healthy stallions which 
served the infected mares contracted the disease. Trasbot in 1877 
and Peuch in 1898 gave the disease to mares by allowing them to be 
covered by stallions suflering from dourine. 

‘ Numerous observations show that an infected stallion transmits 
the disease to the majority of the mares covered by it, and during 
the whole of the breeding season. One may say that two-thirds or 
three-quarters of the mares exposed to infection become contami- 
nated ’ (Nocard and Leclainche, p. 626). 

These observations have been confirmed and explained since the 
discovery of the pathogenic agent, for we have seen that the tr3^pano- 
some of dourine can pass through healthy mucous membranes, and 
so give rise to the disease. The disease produced experimentally in 
horses, dogs, and rabbits b}^ any artificial method, such as sub- 
cutaneous inoculation or placing the virus upon a mucous surface, 
may he transmitted from one sex to the other by coitus. Rouget 
was the first to show this, and since then Schneider, Buffard, and 
Nocard have recorded a large number of similar observations. 

Rabinowitsch and Kernpner (/oc. cii., p. 808) state that they 
succeeded in transmitting dourine from rat to rat (of the same sex) 
by means of fleas. 

Is coitus the only natural mode of transmission of dourine in 
the Eejuida* ? ^ Infection apart from coitus is extremely rare, and 

doubtless always results from direct infection. The cases observed 
in geldings or in old mares w'^ere due to an infection of the genital 
mucous membrane through the medium of grooming instruments, such 
as sponges, or by means of litter ’ (Nocard and Leclainche, p. 626). 

Section 7. — Treatment. Immunity. Prophylaxis. 

Treatmknt. — ‘ Treatment with arsenic is alone of any value. 
Trelut obtained good resijlts with arsenious acid (3 to 6 grammes 
a day), either alone or in conjunction with oil of turpentine or 
reduced iron (6 to 9 grammes). Blaise also recommends arsenious 
acid or arseniate of soda, together with arseniate of strychnine. 

‘ Arkhangelsky and Novikoff cured stallions of dourine b}^ sub- 
cutaneous injections of sodium arsenite or cacodylic acid’ (Nocard 
and Leclainche). Marchal,^ veterinary officer at Constantine, states 
that he cured five stallions of dourine by injecting them sub- 
cutaneously with cacodylate of sodium in doses of i gramme in 
5 c.c. water on five consecutive days, followed by five days without 
injections. The duration of the treatment varies ‘ with the resistance 
of the animals, and with the extent to which the trypanosomes arc dis- 
tributed throughout the body,* 

1 Marchal, /\Vi'. nM, tVaV., April 15, 1903, p. 230, and April 15, 1904, p. 231* 
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[Pease, ^ in India, also tried the effect of injections of cacodylate 
of soda, but did not obtain the successful results Marchal had done. 
An animal treated by Pease in this way had bouts of fever, cedeina, 
plaques, and trypanosomes, just like an untreated animal. Pease 
concludes that the successful results quoted by Marchal in his second 
paper were probably chronic cases which were recovering spon- 
taneously, and in which the arsenic acted as a tonic and alterative 
rather than as a parasiticide.] 

It is naturally interesting to compare these results with those 
obtained by means of arsenic in the treatment of the other tr\'pano- 
somiases. 

We have tried the effects of trypanred upon mice infected with 
the trypanosome which we obtained from Rouget. This drug has 
a very definite effect, but more or less quickly relapses occur, \vhich 
are, however, amenable to further treatment with tlie drug. 

Rabinowitsch and Kempner (/uc. (Sio) write as follows: 

* According to our observations, not only human serum, but also in 
some cases the serum of white rats actively immunized against 
T. Icwisi, as well as of passively immunized rats, have a microbicidal 
action upon the trypanosome of dourine.’ 

Rouget made certain experiments in serum-therapy. He used 
the serum of rabbits or dogs in the last stage of the disease when 
cachexia had begun to develop. This serum injected into mice — 
after demonstrating the presence of the parasite in the blood by 
means of the microscope, two or three days after inoculation — did 
not materially prolong the life of the animals, for they survived the 
injection only from three to seven days. The therapeutic effect of 
this serum is therefore insignificant.- 

Pki-:vkntion. — * Employed as a prophylactic in doses of J c.c., the 
same rabbit serum prevented the excessive multiplication of the 
trypanosomes in six mice. These mice survived, although on several 
occasions one was able to demonstrate the jnesence of the parasite 
in the blood from the tip of the tail — one or two parasites in each 
field of the microscope. All the other mice so treated lived only for 
a short time, varying from seventeen to twenty-three days. The 
results were the same whether the virus and the serum were injected 
after mixing m vitro or separately’ (Rouget). 

These facts quite agree with our own observations upon the 
scrum of goats or sheep suffering from nagana or caderas. 

‘ The serum of animals naturally refractory (pigeon, fowl) does 
not possess any immunizing properties, even though the animals be 
previously inoculated with large doses of infective blood ’ (Rouget, 

P- 727). 

Thisjs again similar to what we found in the case of T. bntcet, 

^ [Pease, Vet^Journ,, v. 9, 1904, p. 196, aixl v. 12. 1905, p. 209.] 

* [Baldrey slates that castration performed in the first staj{e of the disease 
seems to benefit some cases. For recent experiments on treatment see Chapter XIII.] 

22 — 2 
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Immunity. Animals suffering from dourine (horses or experi- 

mental animals) enjoy a certain amount of local immunity, for ‘ they 
show no signs of local reaction on reinjecting them with large doses 
of the virus’ (Schneider and Buffard). 

‘ Several dogs recovered after having been extremely ill, and weri*, 
then quite immune, for on injecting them with enormous doses of 
infective blood or oedema fluid they did not react in the slightest ‘ 
(Nocard, Biologic, May 4, 1901, p. 466). 

[In the foregoing pages other instances of local and general 
immunity have been mentioned. Thus, a buffalo inoculated by 
Pease on three successive occasions showed a local multiplication of 
trypanosomes after the first two injections, but then appeared 
immunized against dourine, for the third injection had no effect. 
The buffalo was normally susceptible to surra, however.] 

fMesnil and Rouget immunized a kid against Schneider and 
Buffard’s virus, and found it also immune against Kouget’s virus. 
Vallee immunized a cow against Rouget’s virus.] 

Prophylaxis. — The prophylaxis of dourine is a priori a simple 
matter. There is no advantage in killing infected animals, as in the 
case of the other animal trypanosomiases ; but it is sufficient to make it 
impossible for them to propagate the disease by the ordinary method. 
The indication, therefore, is to castrate all stallions suffering from 
dourine, and in the various countries where the diseases occurs this 
is made compulsory. In the case of mares it is safer to kill them 
when diseased. In the parts of Algeria under civil administration 
the mayors or other responsible oflicials have the right to enforce 
this slaughter. But in order to apply the laws and regulations 
concerning dourine, it is necessarj?' to be able to diagnose the disease. 
Whereas in horses the fully-developed disease is generally easy to 
diagnose, this is often difficult in the earlier stages, and in the 
donkey diagnosis is always difficult. The micro-biological method may 
be of the greatest assistance in the diagnosis. One should examine 
the cedema fluids microscopically for the parasite, and if it is not 
found, then one should inject into a dog a large dose of cedema 
fluid or, failing this, of the blood of the suspected animal. 

By sanitary inspections alone it has been found possible hitherto 
to prevent the introduction of dourine into France from Algeria (U’ 
from Navarre, where the disease is endemic. Suspected animals arc 
effectively prevented from reproduction. 

[But, as has already been stated in Section i , Schneider and Buffard 
maintain that in France dourine appears nearly every year in the 
department of Basses- Pyrenees, on the Spanish frontier. Mares 
infected by the asses or horses by which they are covered. As is also the 
custom of the Arabs in Algeria, a mare is first covered by an ass, and it 
not impregnated, she is then served by a stallion. The asses operate on 
both sides of the frontier, and in this way introduce the disease into France 
from Spain.] 

In Algeria prophylaxis is not such a simple matter. ‘ The male 
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donkey propagates the disease by carrying the trypanosome, while 
the female helps to preserve the parasite. It is the ‘ roving ’ male 
which, by means of clandestine intercourse, is responsible for all the 
outbreaks of dourine. In the mule-rearing districts he infects the 
mares covered by him ; then, if these mares are not fecundated — 
which one can tell in May — they are allowed to be covered by 
stallions, which, in their turn, become infected by the marcs, who 
at the time of pairing show very few, if any, symptoms of the 
disease. In this way is to be explained the periodic appearance of 
dourine in the Government studs at the end of May and during the 
first fortnight of June— that is to say, during the last month of the 
pairing season * (Schneider and Buffard). 

The problem to be solved is a difficult one— namely, to restrict 
all intercourse to asses officially recognised as healthy. 


Appendix. 

‘ Maladie de Soemedangr ’ (Java). 

The following details about this disease arc taken from Nocard 
and Leclainchc*s treatise (v. 2, pp. 584, 585) : 

‘ In February, 1900. TIubciict discovered in the Government stud at 
Soeinedang a disease among the stallions which was conveyed by coitus 
to the native mares. This disease was somewhat like surra, which, as we 
have seen, occurs in oth(3r parts of Java, but more like dourine. An 
infected horse sent to the laboratory at VVeltcvre<len was made the subject 
of investigation by de I^oes.* The “ maladie de Soeinedang” is characterized 
by swelling of the genital organs, following upon an infecting coitus, 
accompanied usually by purulent catarrh of the mucous membrane. The 
swelling extends along the abdominal wall and reaches the chest. White 
patches occur in the skin, around the genital orifices, and on the perineum. 
Urticarial swellings occur, and these arc followed by progressive atrophy 
of the muscles and paresis of the hind-ciuarters. If the disease progresses, 
complete paralysis occurs, and the animals die. Death is the usual 
termination with stallions, but mares often recover. The only lesion 
found, apart from those in the genital region, is softening of the spinal 
cord, which is surrounded in the lumbar region by a gelatinous deposit, 
which also infiltrates the sciatic nerve. 

* The blood-stained cjedema fluid obtained from the swellings of the 
genital organs contains a few trypanosomes, but the parasites have never 
been seen in the blood. In appearance they resemble 7 '. evansi. ^ 

‘Rabbits inoculated subcutaneously with to 5 c.c. of the oedema 
fluid die, much emaciated, in from thirteen to twenty-five days. The only 
symptom is catarrhal conjunctivitis, and sometimes some paresis before 
death. Trypanosomes could never be found in the blood, yet the blood 
was infective for another rabbit when injected in large doses (3 c.c.). 
1 he dog inoculated subcutaneously or by scarification did not show any 
symptoms for four to six weeks.- 

‘ T wo guinea-pigs remained free from infection after subcutaneous 

' J. de Does, * Boosaardige deksiektc in het Soemedangsche,* Third Report, 
^^eartsenijkundige Bladen voor NcderL-Fmiie^ v. 14, 1901, pp. 20-45. 

^ The ten dogs inoculated all died from a severe infection by ankylostomes. 
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injection of ^ c.c, blood. De Does thinks that the “ maladie de 
Soemedang” differs from both surra and dourine. So far as the dis- 
tinction from dourine is concerned — which need alone be discussed — the 
author points out that the Java disease is by no means always fatal ; the 
lumbar hypera;sthesia and the arching of the back are absent, the swellimj 
of the lymphatic glands is nearly always absent, and the results of animal 
experiments are different. De Does thinks it may be a variety of dourine 
which has undergone some evolutionary change. This conclusion, which 
seems to follow from the facts stated, would have more weight if supported 
by more extended and more exact experimental investigations.’ 



CHAPTER XI ■ 

GALZIEKTE (GALL-SICKNESS) 

Patjio(;enic Agent: Trypanosoma ihcileri, Lavcran, Eriice, 1902. 

Galziekte or gall-sickness is a disease of Bovidte endemic throiu'h- 
oiit a large part of South Africa, due to a trypaiiosomc which, both 
morphologically and in its pathogenic action, is quite distinct from 
the parasites wc have hitherto studied. 

Section 1. — Historical. Geogfraphical Distribution. 

According to Theiler,^ this disease was described for the lirst time 
by the veterinary surgeon Spreull, and the epizootics described by 
Kolle under the name of malaria of caitle,- and by Hutcheon, the 
principal veterinary officer of Cape Colony, under the name of 
jaundice or hiliary fever were really gall-sickness. 

The disease is generally called ^all-sickncs$ or ^ahichle by the 
farmers in South Africa, but under the general designation of 
‘biliary diseases’ several different diseases of cattle have been 
confounded. 

Gall-sickness often occurs at the same time as the bovine piro- 
plasmosis or rcdicater fever of the Transvaal. Theiler draws attention 
to the fact that the name ^all-sickncss has been used in the Transvaal 
since 1871, before the disease redwater was known there, and that 
even at the present day gall-sickness is met with in parts of South 
Africa where redwater has never occurred. 

The trypanosome which is the causal agent of gall-sickness was 
discovered by Theiler, and described by one of us and by Bruce 
almost simultaneously, under the name of T. Ihcileri^ 

Gall-sickness is prevalent over a large part of South Africa. It 
has been observed among the cattle in Zoiitpansberg in North 
Transvaal, in the valley of the Komati in the east, in the neighbour- 
hood of Standerton in the south, and in Klerksdorp in the west, 

’ A. Theiler, ‘A New Trypanosoma,* yirw/v;. Comp. Path, and Thcrap., 1903, 

V. 16. 

“ Kolle, Zeitschr. f. Hyj^. n. Jnfcciionskrtwkh.^ 1898, v. 27, p. 44. 

' Hiitchcon, Report for 1897, quoted by Theiler, op. cit. 

Laveran, Acad, dcs Sciences^ March 3 and November 3, 1902 ; 15 nice, Lancet ^ 
March 8, 1902, p. 664. 
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as well as in cattle coming from Cape Colony and the Orange Rivor 
Colony. 

The same trypanosome was also found by Theilcr in Pretori;;, 
in the blood of an ox coming from Madagascar ; but the animal had 
been some time in Natal before it arrival in the Transvaal. 

Schilling has seen an identical trypanosome in a Togo ox.^ 

Pansc'- found a. very large trypanosome in the blood of a calf on 
the island of Mafia, German East Africa. This trypanosome wns 
40 fjL io So fi long, not including the free flagellum, which itself 
measured 30 fi. The posterior end was very pointed. Pansc 
expressed some doubt about the identity of this trypanosome with 
T. ihcilcyi, 

[Koch and Liihe, on the other hand, think that it is certainly 
T, theilcri. Koch has met with the disease in cattle coming from 
Mafia Island, and also among cattle at the experimental station in 
Rhodesia."] 

In the blood of an animal suffering from the ‘Jinja’ disease 
(see p. 205) Nabarro’ found a trypanosome closely resembling, if 
not identical w’ith, 7\ thcilcvi. This trypanosome was 44 /x long, 
including free flagellum 18 jx, and had a very pointed posterior 
end, a single nucleus, and two centrosomes. The other trypano- 
somes found in this blood-film w^ere either very short and stumpy 
(length 13 /X, free flagellum 2 to 3 fj), or fairly long (length 20 fi to 25 /t, 
fret' flagellum 8 a., to 10 /x). The animal probably had a double 
infection, with T. dimorphon and T. theileri. These observations of 
Pause, Koch, and Nabarro show thcit 7\ ihcilcri has a wider distriliu- 
tion in Africa than was formerly supposed."*] 

I Liihe'* and Luhs* have also met with this trypanosome in 
Povidai in Transcaucasia. Ltihe studied the morphology of the 
parasite in stained blood-films sent to him by Ziernann, wdiile Luhs 
was able to make a study of the disease and of its trypanosome on 
the spot. He observed it in six animals sick wdth cattle-plague — 
that is to say, under the same conditions as Theiler did in South Africa 
and Holmes in India, Me never found it in other cases — for example, 
in animals with piroplasmosis. The trypanosome was only feebly 
pathogenic, for the blood of the sick animals could be used without 
harmful effects, for immunization against cattle-plague.] 

‘ Schilling, Trap, MccL^ 1903, p. 47. 

- O. I’anse, Zeitschr, f, v. 46, 1904, p. 376. 

[Kocli, Lecture before lierlin Medical Society, translation in 
1904, II, p. 144b.] 

* [Nabarro and Greig, Report of the Sleeping Sickness Commission^ No. V, 
1905, see p. 18 and Plate I, Kig. i.]’ 

[Todd lias recently described (Civerpoot School Memoirs^ 1906, No. XXI, 
p. 9;) a trypanosome which closely resembles, if it is not identical with, T. theilcri^ 
found by Putton and himself in the blood of an antelope killed at Kasongo, in the 
Congo Free State.] ^ 

® [M. Liihe, in Mensc’s * ILandbuch derTropenkrankheiten,* v. 3, 1906, p. I33*l 

’ [F. Lwhs. Arch. Pfir<tsitologit\\. 10, 1906, p. 171 ; abstract by Mesnil in BnlL 
Inst, /W., V. 4, 1906, p. 918.1 
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[In India very large trypanosomes have also been observed in the 
blood of cattle by Lingard and by Holmes. One of these, seen by 
Lingard in the blood of cattle inoculated with surra, has already 
been described in Appendix A to the chapter on Surra (p. 286). 
Liihc states that Blanchard regards these Indian trypanosomes as 
a distinct species, which he calls T. Huf^ardi, Liihc himself is of 
opinion that they are identical with T. thcilcri, and the evidence we 
possess at present is certainly in favour of this view.] 

I Durrant and Holmes, in their first paper, ^ state that they found a 
trypanosome a little shorter than T. cvmisi in spleen smears of a bull post- 
mortem, the animal having died after a fairly acute illness in the laboratory 
at Muktesar. In a later paper - Holmes describes a \ery large trypano- 
some which he found in the blood of ‘ hill * cattle. The cattle in which 
this trypanosome was seen were all more or less debilitated, or had been 
inoculated with ‘rinderpest* serum. The ‘plains* lircud of cattle iie.er 
showed trypanosomes. This trypanosome was 60 fj. to So /x long (one 
measured as much as yi /x), free (lagellum 15 /x to 25 /x ; ihe width was 
2 /X to 4 /X, in one case 6 /x. The posterior end was very iioiuted, and the 
centrosome was 10 /x to 17 /x from the tip.] 

[Cattle seldom died of the infection unless they were very debilitated. 
Inoculations into ponies, bulls, and rabbits gave negative results, so that 
morphologically and in its behaviour in cattle and in experiuiental Jinimals 
this trypanosome closely resembles 7 '. thcilcvi. Holmes thinks that the 
parasites previously seen by i.^urrant and himself in splccm smears were 
immature forms of this trypanosome, but the figures they give illustrating 
their paper do not warrant this belief. Many of the parasites depicted 
look rpiite mature and normal in appearance, and resemble the surra 
trypanosome.] 

[Lingard*^ describes a similar trypanosome which he discovered in the 
blood of ‘ hill ’ cattle in 1902. He calls it 7 '. himaldyaninii d but it probably 
is the same parasite as that dcscribctl by Holmes.] 

[ In the blood of ‘ plains * cattle, Lingard in 1893, during an outbreak 
of surra, discovered a large trypanosome wliic h he flunks mav have been 
7 . //zr//t77-.*'] 

Section 2. — Gall-sickness is a Disease Peculiar to the Bovidae. 

All attempts made by Theilcr to infect with gall-sickncss animals 
other than Bovidfe were unsuccessful. His experiments were made 
uixui horses, dogs, sheep, goats, rabbits, guinea-pigs, rats, and mice. 

In liovida; infection occurs more or less easily, according to the 
origin of the animals, Theiler states that the Transvaal cattle are 
the least susceptible, and that cattle coming from Texas and the 
Argentine Republic become infected in a much larger proportion 
than do the native cattle. 

The disease has been observed in animals of all ages. 

^ [Durrant and Holmes, yiezz/zv/. Comp. Pnih. and Thcrap.^ v. 17, 1904, p. 209]. 

* [ Holmes, yrv/zvz. Comp. Path, and Therap.^ v. 17, 1904, p. 317.] 

I [Djngard, Indian Med. Gas.^ 1904. p. 445.] 

[Lingard, Trop. Vet. Sci., v. i, u5o6.] 
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Section 3.— Course of the Disease. Symptoms. 

The disease may run an acute or a subacute course. Three to five 
days after inoculation there is usually a rise of temperature, lasting 
several days, after which the temperature falls again to normal. In 
some cases the presence of the trypanosome appears to have very 
little effect upon the health of the animals, but as a rule the infection 
is accompanied by severe anaemia. In one case the red corpuscles 
were reduced to 2,500,000 per cubic millimetre. Often basophile 
granules are seen in the red corpuscles, but they arc not character- 
istic of this disease, as they are very common in bovine piroplas- 
mosis (Theiler), and are usually found in all severe anaemias. As in 
other grave anaemias, nucleated red corpuscles are frequently met 
with. The leucocytes are increased in number in most cases. 

The trypanosomes are often fairly numerous in the blood, but do 
not remain present for long. The longest time that they were seen 
in the blood was thirteen days, and the shortest one day, the average 
being nine days. According to Theiler’s observations,^ the number 
of parasites does not appear to have much influence upon the 
severity of the disease, and in several cases in which the parasites 
were numerous the animals apparently enjoyed good health. 

When the disease terminates in recovery, the trypanosomes 
diminish in number, while the red corpuscles increase, and finally 
the parasites disappear altogether from the blood. 

Gall-sickness is often associated with other diseases, and this 
complicates the study of it. Thus, piroplasms are often found, and 
spirochietes arc sometimes found in the blood of animals infected 
with T, thcileri, so that it is impossible to say exactly what part the 
trypanosome plays in the production of the symptoms noted. 

[As has already been stated, the cases of T, thcileri infection seen 
by Holmes, Lingard, Luhs, and Nabarro were all complicated by 
some other infection or occurred in debilitated animals. Holmes' 
cases were all more or less debilitated, or had been inoculated with 
rinderpest serum- Lingard’s cases were complicated with surra, 
with filariasis in one case, and with anthrax in another case. Luhs’ 
six animals were all sick with cattle-plague, and Nabarro’s case had 
another trypanosome infection, probably with T. dimorphoUf to which 
the animal succumbed.] 

Among forty cases which can be looked upon as simple infections 
by T. theilcri there were five deaths, giving a mortality of 12 i per 
cent. (Theiler). 

^ Theiler has counted as many as thirty trypanosomes in one field of the micro- 
scope {Zeiss, Obj., No. 6) ; an average of five is by no means uncommon. In 
other cases only one parasite may be found in the whole film of blood examined. 
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Section 4.— Pathologrical Anatomy. 

Anaimia and hypertrophy of the spleen are the most noticealde 
changes seen post-mortem in cattle that have died of gall-sickness. 

The blood is watery and all the organs and tissues are pale in 
colour, but sometimes they have an icteric tint. The subcutaneous 
tissue of the abdominal walls is often the scat of a serous infiltration, 
and the pericardium contains a variable quantity of fluid. The heart 
is flabby and shows subpericardial petechia;. There is hypostatic 
cedema of the lungs. The spleen is enlarged and softened, and the 
mesenteric glands arc often swollen. 

Section 5. — The Pathogenic Agent. 

T. iheilcri is easily distinguished from the other mammalian 
trypanosomes by its si;?e. The largest forms measure 6o /z to 70 /x 



Fig. 45. — Trypanosoma tiieilkri and Trypanosoma transvaalirnse. 

I [and 2. T, theilcn; Fig. 2 shows a trypanosome undergoing division. ^^-5. 7 *. Ivans^- 
vaalicnsc : Fig. 4 shows a trypanosome in the last stage of division ; Fig. 5, a sniall 
form undergoing division. (Magnified about 1,700 diameters.) 

in length, by 4 /x to 5 /x in breadth. The smallest forms are 25 /x to 
30 /i long, by 2 /-t or 3 ^ wide. 

In fresh blood the movements of the parasite are so rapid that 
one cannot easily make out its shape, but on keeping the prepara- 
tions for several hours, or even for two or three days, the motility 
diminishes, and it is then possible to distinguish the chief morpho- 
logical characters of the trypanosome. This trypanosome moves as 
a rule with the flagellum foremost, but .sometimes the non-flagellated 
ond leads the way. There is a long flagellum and an undulating 
membrane. The posterior end of the body is usually pointed. 

On fixing and staining in the ordhiary w^ay, one can distinguish 
45, i) an oval nucleus (;/) situated about the middle of the 
body, and a round darkly-stained centrosome (c), situated a con- 
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siderable distance from the posterior extremity. The free flagellum 
is about one quarter of the whole length of the parasite. The 
flagellum itself starts from the centrosome, and runs along the 
undulating membrane (m), which is fairly wide and shows several 
folds. The protoplasm stains deeply and contains a large number 
of chromatic granules. 

Multiplication takes place by simple fission. Fig. 45, 2 shows 
a trypanosome undergoing division ; the centrosome has divided, and 
the root of the flagellum has also begun to divide. 

[The trypanosome seen by Luhe in the blood of Transcaucasian cattle 
appears to differ in some respects from the foregoing. The centrosome is 
not round, but elongated transversely to the long axis of the body ; some- 
times it is dumb-bell-shaped — ‘ like a diplosoine ’ — which may possibly 
indicate commencing division. The nucleus is like that of other trypano- 
somes ; the chromatin is grouped in a number of rounded bodies, one 
of which— the karyosome — is sometimes more deeply stained than the 
rest. The relativ^e positions of the nucleus and centrosome may differ. 
This has led I^averan and Me.snil to distinguish two species of this 
trypanosome — T. theilen and T. ivansvaaliense — l)ut Liihe thinks they are 
varieties of the same trypanosome, and Theiler and Luhs are of the same 
opinion. The form Liihe calls the typical form has a rounded nucleus 
situated about the middle of the body, a centrosome about midway l)etween 
the nucleus and the posterior end, and few chromatic granules. The 
other form — T, transvaaliense of Laveran and Mesnil — has an oval mu:leu.s, 
which is situated further back than in the typical form, and which may 
even be posterior to the centrosome. This form has many chromatic, 
granules. Liihe found fewer individuals of the latter variety in his blood- 
films. He also saw transitional forms, and therefore concludes that these 
two trypanosomes are the same species.] 

[In £iddition to the typical and other forms just described, Liihe 
figures another (? ^ ) form of the parasite resembling those he and 
other observers describe in 7 \ bfucei, ' 1 \ cqtiinum, and some of the other 
mammalian trypanosomes. This female (.?) form is very large, and is 
broader than the ordinary form. It has a pale-staining alveolar proto- 
plasm ; the nucleus consists of an oval ring of chromatic bodies, and lies 
across the long axis of the body of the parasite.] 

[Both Liihe and Luhs describe myonemes, or a sort of fibrillar 
envelope, like l^rowazek found in T. Ie 7 t>isu] 

[Luhs observed that young forms resulting from longitudinal division 
always had the centrosome situated close to the nucleus, as in T. tmns^ 
vaaliense.. Both he and Liihe regard T. transvaaliense as a developmental 
stage of T. theileri.'] 


T. theileri can live for seven days in defibrinated blood at the 
room temperature or in the ice-chest, but not so long in the incu- 
bator. In defibrinated blood diluted with horse serum or with 
physiological saline the trypanosome can live as long as in undiluted 
blood; but the addition of water or of glycerine and water rapidly 
kills the parasites. Exposing them to a temperature of 50® C. kills 
them in less than twenty-four hours. 

[Luhs found the trypanosome sluggishly motile after being kept 
on ice for nine days, and on warming the preparation the motility 



GALZIEKTE (GALL-SICKNESS) 


549 

increased. Kept at 20° C., the trypanosomes lost their motility in 
six days, and at 38® C. in three days.] 

Involution forms arc often seen in blood-films. The protoplasm 
stains badly, and the outline of the parasite is indistinct. The 
centrosome and flagellum are the most resistant parts of the trypano- 
some, and are often met with amongst the red corpuscles, the rest 
of the parasite having disappeared. 

Agglutination has been seen by Theiler under certain conditions. 
Occasionally two parasites adhere by their posterior ends. When 
defibrinated blood is allowed to stand, the trypanosomes come to thc5 
surface and adhere together in the form of rosettes. Agglutination 
is well marked on adding to the blood the serum of a calf which has 
been inoculated on several occasions with 7\ llieilcri. In one case in 
which the trypanosomes were very numerous, agglutination was 
observed in blood examined fresh twenty-four hours after the animal 
had received a big dose of immunizing serum. Before this injection 
the blood had been examined, but no agglutination had been observed. 

[Lulls also observed agglomeration of T. iJicilcri when the 
organism was under unfavourable conditions. He found that the 
addition of salt solution to the blood did not prevent agglomeration.] 

In films of blood from a bovine sent to us by Theiler from the 
Transvaal one of us has seen and described under the name of 
7\ tramvaaliense a trypanosome which morphologically apj)ears quite 
distinct from T. ihcilcri, 

7\ traiisvaaliaisc varies considerably in size. In one and the 
same film arc seen small forms measuring on an average 18 in 
length, including the flagellum ; large forms 40 u and even 50 fju 
long, by 6 /X in width ; and intermediate forms, which are the most 
numerous, 30 /x long, by about 4 /x to 5 /x wide. The posterior 
extremity is as a rule very pointed. 

The nucleus, which is oval in shape, is situated about the middle 
of the body. The relation of the centrosome to the nucleus is 
characteristic. In all the trypanosomes described hitherto the 
centrosome has been situated far from the nucleus, and usually a 
short distance from the posterior extremity of the body. That, 
indeed, is an .objection which has been raised to the interpretation 
we have given of this chromatic corpuscule of trypanosomes in which 
the flagellum takes origin. 

In T- transvaaliense the centrosome, which is relatively large, And 
therefore easily seen, is always situated near the nucleus, and often 
adjoining it, as in Fig. 45, J. It is usually elongated in form, and 
stains more deeply than the nucleus by our method of staining. 

On account of the approximation of the centrosome to the 
nucleus, the undulating membrane is much less developed in 
T". tramvaalienae than in the other trypanosomes. The protoplasm 
is finely granular, and stains less decj^ly than that of T. Ihcileri. 

2\ tramvaaliense multiplies by fission, like T. theilerif but the 
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division forms are more varied than in the latter species. Fig. 45, ^ 
shows a parasite of medium size in the last stage of fission, and one 
can distinguish two nuclei, two centrosomes, two flagella, and two 
undulating membranes ; the protoplasm has also begun to divide. 
Fig. shows a small parasite undergoing fission, the centrosome 
and adjacent part of the flagellum having already divided. In the 
process of fission the flagellum divides throughout its whole length. 
Some films were made with blood which had been kept for twenty- 
four hours, and many of the trypanosomes were agglutinated into 
more or less well-formed rosettes. Agglutination occurs by the 
posterior extremities, as with T. Icwisi and T. brucci. The proto- 
plasm of these agglutinated trypanosomes was already showing 
signs of degeneration, and contained large chromatic granules. 

The coloured plate at the end of the book shows a 7\ iheileri 
(Fig. 8) and a transvaalictisc (Fig. g). 

From Theiler’s researches it would appear that T. tramvaalieme 
is not a distinct species, but a variety of 7'. iheileri, for on injecting 
blood containing T. tramvaalieme into cattle Thcilcr succeeded in 
producing ordinary gall-sickness. 

I We have already seen that on morphological and developmental 
grounds Lube and Luhs also regard these two trypanosomes as 
varieties of one .species.] 

Section 6. — Mode of Propagration, 

Gall-sickness is easily inoculable from one bovine into another 
by the subcxitaneous or intravenous injection of virulent blood. The 



Fig. 46. — Hipi’obosca rufipes. x 2 (about). (After Theiler.) 

The small, round, white area, mesially situated at the posterior part of the thorax, is in 
nature red in colour, and on either side there is a small grey area. 

incubation period is from four to six days when a large dose of blood 
containing many trypanosomes is injected, but may be as long as 
eighteen or twenty days if the blood injected contains very few 
parasites. Blood may still be virulent, even though it show no 
parasites on microscopical examination. According to Theiler, the 
inoculations of defibrinated blood for cattle-plague in the Transvaal 
have contributed to the spread of gall-sickness. 

By analogy with what happens in nagana, one would suppose 
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that gall-sickness was propagated by biting flies. Theilcr’s investiga- 
tions show that the greatest suspicion falls upon Hippobosca rufipes, 
which is very common in South Africa. 

Several specimens of Hippobosca^ after having been starved, were 
placed upon an animal infected with gall- sickness, and immediately 
afterwards upon a healthy animal. In two cases out of four the 
healthy animals so experimented upon became infected. An hour 
after feeding the blood in the stomach of the flies shows tr3^pano- 
somes as active as in fresh blood. 

Theiler has sent us some specimens of Hippobosca from the 
Transvaal, which have been identified b}^ Dr. Speiser of Bischofs- 
burg. According to Speiser, these flies belong to two species : 
//. rufipes, V. Olfers, and H. maculata, Leach. The latter is very 
rare in South Africa, where it appears to have been introduced at 
the time of the Boer War with cavalry horses coming from India.^ 

Section 7. — Treatment. Prophylaxis. 

At present we know of no treatment for gall-sickness. Cattle 
which survive an attack are immune. We have seen that the native 
cattle in the Transvaal are less susceptible to the disease than im- 
ported cattle ; therefore foreign animals should not be introduced 
into areas where the disease is prevalent. 

Sick animals should be isolated. Killing them would be the 
most radical and efficacious measure, but it is difficult to enforce 
this in the case of a disease the gravity of which is not yet known 
with certaint}% and which, moreover, often ends in recoveiy. 

Health)^ cattle should be protected as much as possible frona 
biting flies by the methods suggested in previous chapters. 

The inoculations for cattle-plague appear to have spread gall- 
sickness in the Transvaal; therefore, if such inoculations should still 
be necessary, it should be ascertained beforehand that the animals 
from which the blood is taken are free from gall-sickness. 

^ Laveran, ‘ Concerning Two Species of Hippobosca from the Transvaal,* Soc, 
de BioL, p’cbruary 21, 1903. 



CHAPTER XII 


HUMAN TRYPANOSOMIASIS, including SLEEPING 

SICKNESS 

Pathogenic Agent: Trypanosoma ^ambicnse, Dutton, igo2. 

Section 1. -Historical. 

At the beginning of last century the English observer Winter- 
bottom^ recorded the occnrrcnce among the negroes on the West 
Coast of Africa of a curious disease characterized particularly by a 
tendency to sleep. Since that time the disease has been described 
by a large number of observers, and under the name of slccpiuir sick- 
ness it has found a place in all treatises upon tropical diseases. 

In 1840 Clarke- of Sierra Leone gave a short account of the 
disease. From 1861 to 1900 F'rench naval surgeons published a 
series of very interesting papers upon the clinical and pathologico- 
anatomical study of sleeping sickness. The most important of these 
are by Dangaix," Nicolas,^ Griffon du Bellay,’* Chassaniol,^' Saii- 
telli,' Guerin,^ Le Roy de Mcricourt,” Corre'"^ Mahe,” Nielly,*‘L'ind 
Le Dantec.^** 

Guerin’s excellent thesis deserves special mention. He studied 
the disease in’ Martinique in negroes coming from the West Coast 
of Africa. In the course of a dozen years he observed as many as 
148 cases. 

Hirsch has given a good description of the disease, and in his 
excellent work on the ‘ Historical and (icographical Pathology of 

’ Wintcrbottoin, ‘An Account of Native .Africans in the Neighbourhood of 
Sierra Leone,* 1803. 

- Clarke, London Med, Gaz., September, 1840; Edinbur^^h Monthiy Journ. 
Med, Science,^ 1842, p. 320. 

^ Dangaix, 1861, p. 100. 

•* Nicolas, Gaz, hebdom.^ 1861, p. 670. 

•’ Griffon du Hellay, Arch, dc nuUf,, 1864, C sem., p. 73. 

(Jhassaniol, Arch, dc med, nm^., 1865. 

^ Santelli, rbid.^ 1868. 

Ciuerin. These, Taris, 1869. 

Le Koy de MtVi court, article ‘Sleeping vSickness’ in the Dzc/. cncycl, des sc, 
mcW.y 1871. 

Cor re, Arch, de med. nav„ 1877. 

Mahe, ‘ Syllabus for the Study of Tropical Diseases,’ 1888. 

Nielly, ‘ I 'dein. de pathol. exotique,' 1881, p. 503. 

J-e Danlcc, ‘ Pathol, exotique,’ 1900, p. 759, 
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Diseases ’ gives a bibliography of all the papers dealing with sleep- 
ing sickness,^ 

The conqu&ts of bacteriology were destined to receive, and have 
received, their set-back in the history of sleeping sickness. A. de 
Figueiredo,^ Cagigal and Lepierre,*^ Marchoux,^ Bettencourt,*’ 
Broden,® and Castellani,^ have attributed to different Bacteria 
(bacilli, pneumococci, streptococci, etc.) the role of pathogenic agent 
in sleeping sickness. The variety of the microbes isolated by these 
observers tends to prove that the causes of secondary infection, so 
common in this disease, have been looked upon as the actual causal 
agent of the disease. 

Several observers have attributed the disease to bad or insufficient 
feeding. Ziemann has held this opinion, and, according to him, the 
disease is due not to an infection, but to an intestinal intoxication. 
This intoxication is said to be produced by the root of the manioc 
eaten raw or only slightly cooked, as is often done by natives.® A large 
number of facts tell against this opinion. In Casamance, where little 
or no manioc is eaten, sleeping sickness is very prevalent, whilst in 
Dahomey, where this root enters largely into the native dietary, the 
disease occurs but rarely.^ It has been shown, moreover, that the 
disease may occur in well-nourished people, who for several years 
have left those districts where manioc is eaten. The incrimination 
of certain mud fish in Casamance is also unjustified. 

In igoo Manson gave a very full account of two patients from 
the Congo who died in Charing Cross Hospital, and the pathological 
anatomy of these two cases was very carefully worked out by Mott.*^ 

Manson has attributed sleeping sickness to an infection by a 
filaria which he has described under the name of Filaria pcrstatis. 
It is true this filaria is often met with in the blood of negroes suffer- 
ing from sleeping sickness, but it is also found in districts where the 
disease does not occur.’^ Low has recorded the existence of F. perstans 
in British Guiana, where sleeping sickness has never occurred. We 

^ Hirsch, ‘ Handbuch der hist, geogr. Patholog.,* 1862; second edition, 1880- 
1882. [Translation published by New Sydenham Society, sec vol. iii., pp. 595- 
602.] 

Figueiredo, ‘ Inaugural Dissertation,* Lisbon, 1891. 

•* Cagigal and Lepierre, MMecim January 26, 1898. 

^ Marchoux, Ann, d^hyg, et de med, colon, ^ 1899, P* 

•''* Bettencourt, ‘Doentja do Somno,’ Lisbon, 1901. , 

® Kuborn’s Report upon Broden’s work, Acad, de med,de Belgique^ October 26, 
1901. 

" Castellani, Brit, Med, Journ,^ March 14, 1903. 

® Ziemann, Centralb.f, Bakter,^ 1, Orig., v. 32, 1903, p. 413. 

® Kermorgant, Acad, de med,^ December 29, 1903. 

Manson, ‘ Tropical Diseases,’ third edition, 1903, p. 335. [Also ‘African 
Lethargy, or the Sleeping Sickness,’ P. Manson and F. W. Mott, Trans, Path 
tSoc,y V. 51, 1900.] 

“ Low, Brit, Med, Jozirn,, March 28, 1903. Christy, Annual Meeting of 
British Medical Association at Swansea, July, 1903 ; Jonrn, Trap, Med,<, 1903. 
Low, Royal Society Reports of the Sleeping Sickness Commission^ November, 1903. 
Christy, ibid,y November, 1903. 
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may add that in many cases of sleeping sickness the filaria cannot be 
found. This hypothesis of Manson’s must, therefore, be given up.^ 

The researches of Dutton and Todd, of Castellan*, and of Bruce, 
Nabarro, and Greig upon human trypanosomiasis mark the latest 
phase in the elucidation of the aetiology of sleeping sickness. It 
would seem that the careful investigations of these observers have at 
last discovered the true cause of this disease. 

On May lo, 1901, Forde received under his care at the hospital 
in Bathurst (Gambia) a European, aged forty-two, the captain of a 
steamer on the River Gambia. This man, who had navigated the 
river for six years, had suffered from several attacks of fever which 
were looked upon as malarial. The examination of his blood 
revealed the presence not of the malarial parasite, but of small worm- 
like bodies, concerning the nature of which Forde was undecided. 

On December 18, 1901, Dutton, in conjunction with Forde, 
examined this patient, whose condition had become more serious, 
and recognised that these worm-like bodies seen by Forde were 
trypanosomes. Dutton has given an excellent description of this 
parasite, which he has called Trypanosoma gambiense,^ 

In 1002 Dutton and Todd came across further cases of human 
trypanosomiasis. Of 1,000 persons examined in Gambia,*^ six natives 
and one quadroon showed trypanosomes in their blood. The cases 
observed amongst the natives were as follows : A w^oman of thirty- 
five, a boy of nine, a girl of sixteen, a boy of twelve, a man of thirty- 
five, and another of twenty-tw^o. The first three belonged to the 
same village — Lamin. 

Manson has recorded two cases of trypanosomiasis in Europeans 
contracted on the Congo.^ In one of these cases the trypanosomes 

^ [For a fuH account of the earlier hypotheses as to the .'etiology of sleepini,^ 
sickness, see Centralb.f, liakter,, I, Orig., v. 35, 1903, p, 45, ‘ Ueber die /Kliologie 
der Schhifkrankheit,’ by Bettencourt, Kopke, de Kezende, and Mendes ; also p. 62 
for a paper by Castcllani. | 

- Forde, Jottrn, Trap. Med.^ September f, 1902 ; Dutton, ibid., December i, 
1902 ; Dutton, T/tompson Yu/es t.ah. Report, 1902, v. 4, part ii., p. 455. The 
patient who formed the subject of these observations by Diuton and Forde died in 
England on January i, 1903. See a note by Annctt, Rrit. Med. Jouni., February 7, 
1903. • 

Previously, Nepveu had recorded the existence of trypanosomes in the blood ot 
several patients coming from Algeria, but his descriptions and figures are so 
lacking in precision that there is considerable doubt about the correctness of this 
diagnosis. Although in recent years the blood of a very large number of patients 
in Algeria has been ex.iinined, trypanosomes have never been seen again in them 
(Xepveu, Soc. lUoL, 1891, Memoirs, p. 49; and Soc. Biol., December 24, 1898). - 
In 1894 Barron recorded the case of a woin.'in of thirty-nine with a uterine fibroid, 
in whose blood a large number of flagellated Protozoa were found, 'fhe retro- 
spective diagnosis of trypanosomes may be made in this case. The patient had 
not lived in Africa, so far as can be judged from the short note by Barron ( Trans, 
of the Liverpool Med. Institution, December 6, 1894). In 1898 Brault brought 
forward the hypothesis that possibly the trypanosome was the causal agent in 
sleeping sickness (Janus, July to August, 1898, p. 41). 

* Dutton and Todd, First Report of the Trypanosomiasis Expedition to Sene- 
garni la, Trio2, Liverpool, 1903. 

Journ. JM/., November r, 1902, and March 16,1903. Manson 

and Daniels, "Brit. Med. Journ., May 30, 1903. 
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were discovered by Broden, Director of the Bacteriological Labora- 
tory at Leopoldville, Congo Free State.^ 

Brumpt has recorded the existence of T. ganibicnsc at Boumba, 
situated at the junction of the Ruby and the Congo, in a ship’s 
steward, who suffered for several months from irregular fever, which 
did not respond to quinine/^ Lastly, Baker has seen three cases of 
trypanosomiasis in Entebbe, Uganda. The parasites were numerous 
in one case, scanty in the other two.'* 

The relation between human trypanosomiasis and sleeping sick- 
ness was not suspected^ when Castellani, examining the cerfibro- 
spinal fluid of negroes in Uganda suffering from sleeping sickness, 
discovered trypanosomes which were at first thought to be a different 
species, and were described under the names of T. ngandense (Castel- 
lani) and T. castclhmii (Kruse)/' 

This important discovery was immediately confirmed by Bruce 
and Nabarro, who found trypanosomes in each of thirty-eight cases 
in the cerebro-spinal fluid obtained by lumbar puncture from sleeping 
sickness patients in Uganda, and twelve out of thirteen times in 
the blood. The cerebro-spinal fluid of ‘ control ’ individuals, not 
offering from sleeping sickness, never showed trypanosomes. 

We shall frequentl)^ have occasion throughout this chapter to 
quote from the interesting reports by Bruce, Nabarro, and Greig,** 
upon sleeping sickness in Uganda. 

In the Congo State, Brnrnpt found trypanosomes twelve out of 
fifteen times in patients suffering from sleeping sickness." 

The Portuguese Commission for the study of sleeping sickness 
re-examined the blood-films of twelve of their patients which had 
been used during the course of their investigations, and found 
trypanosomes in four of them.^ 


• Hroclen, />////. fie la Sor. if t-tiides coloniulcs, l>riissels, 1903, No. 4. 

3 Bniinpt, Acad, dc wcd.^ March 17, 1903 ; Bu/lefin, v. 49, p. 372. 

liaker, Bnl. Mid. Jo/fr/f., May 30, 1903, jj. 1254. 

‘ [hcforc the puhlicaiion of Castellani's discovery of trypanosomes in the 
ccrcbro-spinal fluid of sleeping; sickness patients, Maxwell-Adams had suggested 
the relationship between trypanosomiasis and sleeping sickness on the ground that 
certain features (pnflincss of the face and lower eyelids, irritability and apathy, 
and characteristic alteration in the ^oice) were t:oininon to both diseases. Me also 
made tlic rather improbable suggestion that the disease is conveyed by the bite of 
rats, or by a rat-flea (see Bril. Med. Joiini.^ Marcli 28, 1903, and April 16, 1904, 
p. 889).] , . . ’ 

•'* Castellani, letter dated Entebbe, Uganda, April 5, 1903, addressed to the 
Royal Society, Brit. Med. Joitrn., May 23, 1903, and June 20, 1903; also /ottrjj. 
Trap. Mcd.^ ]\xnii i, 1903. Kruse, ‘ Sitzungsbericht der niederrhein. Gesell. f. 
nalur. l lcilk,’ 1903. Castellani, Broc. Hoy, Boc., \. 71, 1903, p. 501, and Heports 
of the Sleeping Sickness Commission., No i, Augu st, 1903. 

Royal Society, Reports of the Sleeping Sickness Commission : No. i, by Bruce 
and Nabarro, Progress Report on Sleeping Sickness in Uganda^ London, August, 
1903; No. 4, Bnrther Report on Sleeping Sickness in Uganda, by Bruce, Nabarro, 
and Greig, November, 1903. Resume \\\ Brit. AIcd. Journ., November 21, 1903. 

^ Co ngrh ef //ygi?ne dc Bruxelles^ t 9 o.L 

® A medicina eontemporanea, June 28, 19 :j 3 ; also Report on Sleeping Sickness 
presented to the Minister of Marine and of the Colonies by the Commission 
presided over by Bettencourt, Lisbon, 1903. 


23—2 
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In the Congo Free State, Dutton, Todd and Christy,^ and 
Broden^ also found trypanosomes in the cerebro-spinal fluid of a 
large number of negroes suffering from sleeping sickness. 

[Subsequent investigations in all parts of Africa in which 
sleeping sickness occurs have confirmed the original observations of 
Castellani, Bruce, and Nabarro. If carefully looked for, trypano- 
somes are practically always found in the ccrebro-spinal fluid, blood, 
and gland-juice of sleeping sickness patients. Moreover, clinical 
and experimental evidence is being gradually accumulated, which 
goes to prove that a trypanosome is the cause, and probably the sole 
cause, of sleeping sickness. Patients who had acquired trypano- 
somiasis in Africa have died of sleeping sickness as long as three 
years after returning to Europe, and a patient of Thiroux’s with 
sleeping sickness had left the endemic area eight years.® In a 
monkey experimentally infected with T. gambimsc, in which the in- 
fection ran a chronic course (like trypanosomiasis ending as sleeping 
sickness does in the human subject), the macroscopic and microscopic 
lesions in the central nervous system typical of human sleeping 
sickness have been observed.* Lastly, we have seen that in uncom- 
plicated chronic dourine — another trypanosome infection — micro- 
scopical changes very similiar to those occurring in sleeping sickness 
have been described by Mott.] 

It still remained to be seen if T. gambiense and f. ugundense were 
different species, or if the parasite found in sleeping sickness patients 
was really the 7 \ gambiense. 

Bruce, Nabarro, and Greig showed that twenty-thrtje out of 
eighty natives from parts of Uganda where sleeping sickness is 
endemic had trypanosomiasis in their blood, whilst in 117 natives 
from uninfected areas the blood examination was negative in every case. 

The same observers have shown that, contrary to the statements 
of Castellani, there is no appreciable morphological difference 
between T. gambiense and T. ugandense, 

Dutton, Todd, and Christy, in their ‘ Report upon Trypano- 
somiasis on the Congo,*® arrived at the same conclusion. They state 
that the parasites seen in the blood of individuals, whether showing 
signs of sleeping sickness or not, are identical, and there is no reason 
to suppose that the trypanosome observed on the Congo differs from 
T. gambiense. 

The pathogenic action of the two trypanosomes upon different 
species of mammals is the same. Thomas and Linton have made 
a comparative study of the human trypanosomes derived from 

1 Brii. Med, Journ,t January 23, 1901, p. 186. 

2 Hroden, Bull, de la Sue, d'Hudes colony Brussels, February, 1904. 

^ [Thiroux, C, R. Soc. BioL^ v. 60, 1906, p. 778-] 

^ [Harvey, R,A,M,C, Journ.^ v. 4, 1905, p. 62[.] 

[For the after-history of these twenty-three infected individuals, see later 
(Section 10).] , 

® Brit. Med, Journ,^ January 23, 1904 ; [also Thompson Yates and Johnston 
Lab, Reports, v. 6, part i., 1905, pp. 1-45.] 
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different sources: (i) Trypanosomes brought from Gambia by 
Dutton and Todd ; (2) trypanosome of Bruce and Nabarro from 
Uganda ; and (3) trypanosomes of Dutton, Todd, and Christy from 
the Congo (from the cerebro-spinal fluid of sleeping sickness patients, 
and from the blood of individuals showing no sign of this disease). 
Thomas and Linton inoculated the trypanosomes from these various 
sources into a large number of animals, and they found that the 
pathogenicity was almost the same in all cases.^ Our researches 
upon T, gambiense and T. ugcmdense have yielded the same results.*’ 

[Laveram* has since studied the pathogenic action upon animals 
(guinea-pigs, rats, and mice) of three different strains of the human 
trypanosome : (i) The Gambian trypanosome from a patient in the 
first stage of trypanosomiasis; (2) the Uganda parasite from a case 
of sleeping sickness; and (3) a trypanosome from the blood of a 
missionary in Paris, who contracted the disease in the Ubangi 
district (French Congo). The virulence of all three strains was 
about the same.] 

[Plimmer** concludes, from certain experiments he has made upon rats, 
that 7 . gambiense and T, ngandense are ‘ quite distinct and separate.* Rats 
inoculated with the ‘ Gambia fever ’ trypanosome all showed trypanosomes 
in blood- films, and died on an average two months and twelve days after 
inoculation. Paralysis and nervous symptoms were absent, but shortly 
before death the animals became heavy and apathetic. Post-mortem, the 
spleen was very enlarged and congested, the lymphatic glands were 
swollen, and the liver was congested and showed cloudy swelling. The 
cerebral capillaries contained many organisms. On the other hand, rats 
inoculated with the sleeping sickness trypanosome never showed the 
parasites in their blood, even on centrifuging post-mortem. All three 
animals inoculated with this trypanosome became paralyzed two to four 
weeks before death, and the total duration of the infection was six to nine 
months. Post-mortem, the spleen was not enlarged in any of the rats, 
nor could any lesions be found in the otlier organs. T yypanosomes were 
found only in the mashed spinal cordy and extracts of the mashed cord 
produced paraplegia on injection into other rats, but no trypanosomes 
could be found in these animals.] 

[pie fact that cases of ‘trypanosome fever* frequently appear to 
terminate in sleeping sickness, Plimmer thinks may be explained by a 
double infection with these two trypanosomes.*'] 

[Thomas and Hreinl,® who experimented on a large number of rats 
with several strains of the human trypanosome, including the? same 
two strains used by Plimmer, obtained results confirming those of 
Thomas and Linton and of Laveran,and opposed to those of Plimmer.] 

^ Thomas and Linton, Lancet ^ May 14, 1904, pp. 1337-13.10. 

- Owing to the kindness of Dutton, Todd, Annett, and Bruce, 1 have been able 
to study the lrypanosome.s of Gambia and Uganda at the Pasteur Institute. 1 
take this opportunity of thanking them all for their kindness. — A. Laverax. 

® [Laveran, C. R. Acad. Sciencesy v. 142, 1906, p. 1065.] 

* [Plimmer, /*m*. Roy. Soc., v. 74, 1905, p. 388.] 

* [In a later paper {Proc. Roy.tSoc., S^r. H., v. 79, 1907, p. 95) Plimmer gives 
up the idea that the two strains of human trypanosome are distinct species.] 

** [Thomas and Breinl, Thompson Yates and Johnston Lab. Reports^ v. 6, 
part ii., 1905, pp. 93, 94.] 
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[Gray and Tulloch^ have also studied the effects of different 
strains of the trypanosome upon white rats. Their results do not 
confirm those of Plimmer, for they found that the same strain of 
trypanosome produced the two different clinical types of the disease 
mentioned by Plimmer.] 

[It is now almost, if not quite, universally believed that T. gambiensc 
and 7 \ ngandense arc the same species.] 

The objection might still have been raised that the symptoms 
produced by 7 \ gambiense were not those of sleeping sickness. The 
case recorded by Manson shows that symptoms of sleeping sickness 
may supervene in a patient who at first has exhibited only the 
symptoms due to 7 '. gambiensc. It \vas one of those cases originally 
recorded as an instance of typical T. gambiense infection’ (p. 354). 
The patient, who died on November 26, 1903, presented character- 
istic symptoms of sleeping sickness during the last few months of 
her illness, and the lesions found at the autopsy were like those met 
with in sleeping sickness.^ This observation is of great importance. 
It is a very strong argument in favour of the identity of T. gambiense 
and T. ugandense^ and, moreover, it shows that, contrary to what 
was formerly believed, Europeans arc not immune against sleeping 
sickness. 

Finally, it appears to follow from observations of Nabarro,^ as 
well as from our own,'’* that monkeys which have acquired immunity 
against T. gambiense are also immune against T. ugandense, and vice 
versa. 

[Subsequent investigations have shown, however, that this 
acquired immunity is apparent rather than real. Trypanosomes 
may disappear from the blood of monkeys and remain absent for 
more than a year, as in the case recorded by Harvey, reappearing 
shortly before death. Laveran^ and Thomas and BreinF have 
recently expressed the opinion that no immunity is attainable with 
the trypanosome of sleeping sickness.] 

According to the rules of priority in nomenclature, the name 
r. ugandciise (Castcllani) should disappear, and the older name 
T. gambiensc (Dutton) should be retained. 

Further, the name sleeping sickness, which aptly describes the 
ultimate symptoms produced by T. gambiense,^ is not a good one to 

1 [Ciray and Tulloch, Sleeping Sickness Reports, No. 8, 1907, pp. 53-63.] 

2 Manson, Brit, Med, Journ,, May 30, 1903, and December 5, 1903, p. 1461. 

® [Low and Mott, Brit, Med, Journ., April 30, 1904, p. looo.J 

* Nabarro, ‘ Epidemiological Society,’ Lancet, January 23, 1904. 

® Laveran, C. R. Acad, Sciences, April 5, 1904. 

^ [I>.averan, Report presented to the Fifteenth International Medical Congress, 
Lisbon, 1906. Abstract in Brit. Med, Journ,,]\x\\i^ 2, 1906, p. 1287.] 

^ [Thomas and Breinl, op. ciL, p. 24.] 

® [Hruce and Nabarro found that many of their cases of sleeping sickness in 
Uganda did not really sleep excessively. Dutton, Todd, and Christy also draw 
attention to the minor importance of sleep in their cases of Congo trypanosomiasis. 
Corre had previously made the same observation, for in 1877 he wrote : ‘ Somno- 
lence, exceptionally pushed as far as coma, rarely continues, and is not absolutely 
constant. All the patients with sleeping sickness do not sleep. Many remain 
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give to the early stage of the infection, which is. characterized solely 
by the presence of a few trypanosomes in the blood and by irregular 
rises of temperature. The name Human Trypanosomiasis is there- 
fore to be preferred to the older names Sleeping Sickness and Negro 
Lethargy. 


Section 2. — Geographical Distribution. 

Trypanosomiasis is endemic only in certain parts of Equatorial 
Africa. It has sometimes been seen in the Antilles, but only in 
negroes coming from the West Coast of Africa. That explains how 
Guerin was able to study the disease in Martinique. 

The chief foci of the disease are found along the coast of West 
Africa, extending from Senegal to St. Paul de Loanda (sec map), 

[Wellman^ has recently described cases of human trypanosomiasis 
in South Angola — considerably to the south of St. Paul de Loanda 
— and the natives state that sleeping sickness is advancing south 
through the province.] 

In Senegambia the disease is common in Casamance and in 
Sine and Saloum. Cases have been recorded along the banks 
of the River Senegal in the neighbourhood of Bakel, Kayes, and 
Bafoulabe.**^ 

In Gambia trypanosomiasis is by no means rare; and, as we 
have seen above, it was in Gambia that trypanosomes were first 
discovered in human blood. According to the researches of Dutton 
and Todd, only a small proportion of the natives of Gambia are 
infected ; but it is probable that, by using other methods of diagnosis, 
a larger proportion of infected individuals would be found. Cases of 
true sleeping sickness are met with, as well as the earlier stages of 
trypanosome infection which were studied by Dutton and Todd. 

Trypanosomiasis is prevalent from the mouth of the Gambia to 
a distance of 250 miles up the river. In French territory, at Maka, 
about thirty miles from the banks of the River Gambia, Dutton and 
Todd examined a hundred natives, but did not find trypanosomes in 
any of them. 

Amongst the most infected areas may be mentioned : Upper 
Guinea, the hinterland of Sierra Leone, of Liberia, and of the Ivory 
Coast, Lobi, or the country of the Bobos, and Yatenga. » 

On several occasions the disease has become epidemic at Roba, 
in Yatenga. In 1850 there were more than 180 victims in this 
district. From 1886 to i88g, in four other villages in the same 
district, 300 natives died of sleeping sickness. 

Secondary foci have been recorded at several points along the 

lyin^ down, the eyelids closed, half closed, or quite open, but profoundly indifferent 
to all going on around them * (quoted from Hirsch’s ‘ Geographical Pathology ’).] 

' [F. C. Wellman, 6, 1906, p. 237.] 

^ Kermorgant, ‘Distribution of Sleeping Sickness in- the French West African 
Colonies,* Acad, de mid,^ December 29, 1903. 
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Upper Niger, [but Laveran^ has recently stated that human trypano- 
somiasis is rare in this district] . 

[Renner^ has described sporadic or imported cases of the disease 
in Sierra Leone ; but later investigations by Grattan and Cochrane^ 



show that trypanosomiasis is much commoner in Sierra Leone than 
is usually supposed.] 

[Between July and December, 1905, Grattan^ saw eighteen cases — ali 
confirmed by the microscope — and states that probably several more were 

^ [Laveran, C, R. Acad. Sciences^ v. 143, July 9, 1906, p. 94.] i 
2 ‘ Renner, Trop. Afed.^ v. 7,* November 15, 1904.] 

^ [^Grattan and Cochrane, R*AM.C^ Journ.^ v. 6, 1906, p. 524.] 

• [Grattan, R,A,M»C.Joum,, v. 7, 1906, p. 485.] 
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not diagnosed. Gland palpation and puncture were used in the diagnosis, 
and found to be much easier than the examination of the blood, either in 
films or by centrifuging. The disease has been contracted in Sierra 
Leone by natives who have never been out of the colony or protectorate, 
so that some of the fly belts are now infected.] 

J GL palpalis is common in Sierra Leone ; Cjrattan caught specimens at 
erri, near Port Lokkoh, Melanki, Robarri, Ronietta, Yonnibana, 
Moyamba, Makali, Medina, and Magbele. Some of the flies caught at 
Warinia and Robarri were GL fnsca. Trypanosomiasis was found to 
occur at Freetown, Regent, Yonnibana, Kissi Wellington, Port Lokkoh, 
Waterloo, Tikonko, and Bonthe, at all of which (except the last three) 
GL palpalis is present.] 

[An imported case of sleeping sickness in a native of Lagos has 
been described by Taylor and Currie.^ According to G. Martin,® 
sleeping sickness is probably present throughout French Guinea. 
GL palpalis is also very widely distributed, but only a small propor- 
tion of the natives are affected by trypanosomiasis.] 

[Krueger^ has described several cases of sleeping sickness in Togo, 
and states that the disease is endemic there, 115 deaths having 
occurred from this disease in recent years. GL palpalis is also very 
prevalent.] 

According to Ziemann, sleeping sickness is also prevalent 
along the coast at Monravia and Accra, and in several districts of 
Cameroon, notably at Etim-beka-ha and at Etun-bekani.* 

{GL palpalis is found in several of the coast districts in Cameroon, 
such as Victoria, Buea, Barombi, so that all the conditions for the 
spread of sleeping sickness arc present (Ziernann).]'* 

The islands of Princes, St. Thomas, and I'crnando Po are also 
infected. 

In Portuguese Congo (Angola) the disease occurs principally in 
the region of Ouissama and along the banks of the River Coanza.^" In 
the town of Dondo and its ebvirons there were, in igoo, 98 deaths from 
sleeping sickness amongst 2,000 negroes or half-castes. At Tornbo, 
near the mouth of the Coanza, practically the whole population has 
been carried off by the disease. At l^enguella the disease is less 
prevalent than in Loanda, and still further south, particularly in the 
province of Mossarnedcs, it disappears entirely. 

[Wellman " states that the River Coanza seems to mark the south 
limit of the zones of endemicity of sleeping sickness, but recently 

‘ [Taylor and Currie, HriL Med. JourtUy February 4, 1905, p. 248.] 

® [G. Martin, Amu Hy^. et MM. colon., v. 9, 1906, p. 304 ; Lcs Trypano- 
somiases de la Gidnee franquisc^ Paris, 1906, chapter x.J 

® [Krueger, /. Schiffs in Tropen Hyg.^ v. 8, 1904, p. 479; abstract in 

IhilL Inst Past, v. 3, 1905, p. 47.] 

Deutsche med, Wockenschr., April 2, 1903. For the distribution of human 
trypanosomiasis in Togo, see K. Ilintze, Deutsche mcd. tVochenschr.f jMay 19 and 
-6, 1904, pp. 776, 812. 

^ [Ziemann, Centralb.f. Baktcr., I, Orig., y. 38, 1905, p. 307.] 

® Deport of the Portuguese Commission, Lisbon, 1903. 

" [F. C. Wellman, ‘ Notes from Angola’ in Journ, Prop. Med., v. 8, pp. 319, 320, 
and 327, 328 ; vilsQ joum. Hyg., v. 6, 1906, p. 237. J 
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three cases of trypanosomiasis were seen by Wellman and Fay in 
natives who had never left their district (South Angola). According 
to native accounts, sleeping sickness is advancing south through this 
province. To the north of the Coanjza typical GL palpalis are found, 
but to the south one finds a variety — GL palpalis wellmani^ Austen.] 

[Kopke^ has studied fifty-two cases of sleeping sickness from 
various Portuguese West African colonies. He used gland puncture 
in the diagnosis and found T. gambicnsc present in every case. 
Lumbar puncture was performed in forty cases, and in every case — 
even in the absence of nervous symptoms — trypanosomes were found 
in the cerebro-spinal fluid.] 

Sleeping sickness is endemic in French Congo and in the Congo 
Free State, where for several years it has been extending rapidly and 
causing great ravages. Sporadic cases are also met with at TOuelle, 
Basako, l^angala, Leopoldville, and Borna. The disease is endemic 
in the neighbourhood of the falls, especially at Banza Manteka. In 
the training college at lierghe-Ste.-Marie, at the junction of the 
Kasai and the Congo, cases of sleeping sickness have multiplied 
rapidly in recent years. The mortality, which in 1896 was 13 per 
cent, and in 1897 19 per cent., rose in the following years to 39 and 
22 per cent, respectively, and in the first quarter of 1900 to 73 per 
cent. The majority of the children died of the disease. At the time 
van Campenhout- visited the colony eighty-two patients with sleeping 
sickness came to sec him, and there were many others who did not 
come. 

The whole population of the left bank of the Congo, from the 
mouth of the Kasai to Bolobo, higher up the river, has fallen a prey 
to the scourge which has decimated the villages of the Botanguis. 

[Kermorga;it,'* in a series of papers, gives details of the frequency 
of sleeping sickness along the French banks of the Congo and of its 
tributary the Ubangi, as far as Bangi, and in Loango. The disease 
is rare at Libreville, and in the valleys of the Ogoue3 and Upper 
Sanga.] 

[In an interesting paper on * A Means of Checking the Spread of 
Sleeping Sickness,* Todd^ shows that the enormous spread and great 
increase of sleeping sickness in the Congo basin have been due in 
great measure to the increase in travel following the opening up of 
the country. Before Europeans entered the Congo basin (1884) the 

' [A. Kopke, ‘ Fifteenth International Congress of Medicine,* Lisbon, 1906 ; 
also Arch, de et Path, exot., v. i, 1905 ; abstract by Mesnil in PulL Inst. 
Past^ V. 4, 1906, p. 671.] 

2 Van Campenhoiit and Dryepondt, Rapport sur les travaux du laboratoire 
midicale de Llopoldvillc cn 1899*1900, Brussels, 1901, and Paris International 
Congress, 1900 (section on Colonial Medicine). 

® [Kermorgant, Ann, dHyg, ct de AJId, coiotiy 1903-1906; ibid,^ v. 9, 1906, 
p. 126 ; abstract by Mesnil in Butt, Inst, Past,^ v. 4, 1906, p. 531.] 

^ [J. L. Todd, Transactions of Uk Epidemiological Society^ 1906; also 
July 7,^ 1906, pp. 6-9, with three maps; and Memoir 18 of the Liverpool School of 
Tropical Medicine, 1906, pp. 23-38, with four maps.] 
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disease seems to have been confined to the region of the Lower Congo 
and to the banks of the main river as high up as Bumba. With the 
advent of white men new steamer and caravan routes were opened 
up, with the result that the infected areas have increased rapidly in 
number and extent. Todd’s maps show that ‘ imported * cases of 
the disease have occurred at many points along the eastern boundary 
of the Congo State, in close proximity to the British and German 
East African possessions, and that cases have already occurred at 
Ujiji, on the shore of Lake Tanganyika, in German territory.^] 

[Unless effective quarantine measures — such as those outlined by 
Todd — dependent upon cervical gland palpation, be speedily intro- 
duced and enforced, there is very grave danger of the disease being 
carried into Nyassaland and other parts of British Central Africa, as 
well as into areas of Uganda and German Last Africa at present un- 
affected. The danger is not only great but imminent, and prompt 
and energetic action on the part of the Governments concerned is 
imperative.] 

E'or some years trypanosomiasis has made great ravages in 
Uganda.- [The disease appears to have broken out first in Busoga in 
1896.’^ Dr. Moffat, then Principal Medical Officer, Uganda and l^ast 
African Protectorates, explains its first appearance in Busoga by the 
fact that a large number of Emin Pasha’s Soudanese, with their wives 
and followers, were brought into and settled in Busoga. They came 
from the Congo E^ree State, where sleeping sickness has been endemic 
fur many years. Finding the necessary conditions present, the disease 
rapidly spread, and in a few years became endemic around the 
northern shores of the Victoria Nyanza — from Buddu on the west* 
to south of Kavirondo Bay on the east — in Busoga and Chagwe, 
around Entebbe, tind on the islands in the lake. The disease was 
first definitely diagnosed by the Drs. Cook,* of the C.M.S. Hospital, 
Mengo, in 1901, and so merciless has been its onslaught that it has 
claimed probably more than 100,000 victims in Uganda alone during 
the past six years (1901-1906).] 

[The distribution of the disease in Uganda is peculiar. Except 
in the district of Busoga, sleeping sickness has not become endemic 
far from the shore of the lake or from the banks of rivers. The 
villages along the lake shore and on the islands of the lake have been 
most severely visited, many of them having lost two- thirds or more 
of their inhabitants. The extent to which the disease spreads inland 
from the lake differs in different parts and varies from ten up to thirty 
or forty miles.] 

* [In a later paper Kinghorii and Todd (Lancet ^ February 2, 1907, p. 282) state 
that the disease now extends much further south. It is now endemic along the 
<?astern shores of Lake Tanganyika, between about 4" and 7° S. Lat. Imported 
cases have been reported from places even further south.] 

^ Royal Society, Reports of the Sleeping Sickness Commission. Sec reports by 
Ihuce, Nabarro, and Cireig, by Low and Castellani, and by Christy. 

[Hodges, Lancet^ July- 30, 1904, p. 290.] 

^ []• H. Cook, Journ. Trop. Med., July 15, 1901.] 
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[Bruce, Nabarro, and Greig have shown that this peculiar distri- 
bution of the disease almost coincides with^ and is probably dependent 
upon, the distribution of a tsetse-fly — the GL palpalis. This fly is 
found only near large water-courses where there is dense undergrowtl) 
and shade, as from large trees ; it is not found in papyrus swamps or 
in large open plains. For some reason at present unexplained, the 
tsetse-fly has been found under other conditions in various parts of 
Busoga, which no doubt is the cause of the greater area of endemicity 
of sleeping sickness in that district than in other parts of Uganda. 
Of course, there may be — and investigations by Nabarro and Grieg 
concerning the shores of the Albert Nyan;ja and the banks of the 
Nile to the north of this lake show that there are— uninfected Hy 
areas where sleeping sickness does not occur. An imported case of 
the disease may be the means of making such areas endemic foci of 
trypanosomiasis.] 

Christy gives the following dates for the appearance of the disease 
in different parts of Uganda : Several parts of Busoga or the island 
of Buvurna, 1896 (Hodges); Kampala, February, 1901 ; South Kavi- 
rondo, October, 1901 ; Scsse Islands, December, 1901 ; Kasagunga, 
January, 1902; Liisinga Islands and Kasachonga, March, 1902; 
Kisengerc, May, 1902 ; and German East Africa, September, 1902. 

According to these dates the disease is manifestly spreading, and 
it is to be feared that the Uganda Railway, which runs from the East 
Coast to Lake Victoria, will facilitate its spread, for Kisumu, the 
terminus of the railway on the lake, is already infected. It is possible, 
too, that the disease may spread to Egypt along the valley of the Nile. 

[In 1903^ Mr. Wyndham, of the Uganda Civil Service, found that 
GL palpaiis was prevalent on both shores (Uganda and Congo Free State) 
of the Albert Nyanza, and since then the fly has been found between 
Fajao, on the Victoria Nile, and the north end of the Albert Nyanza, as 
well as at various places down the Nile, including the neighbourhood of 
Wadelai and Nimtile. The furthest point north at which GL palpaiis \yas 
met with by Hodges- was near a small stream about thirty-five miles 
south of (iondokoro, between Kanda and Shindiro.] 

[Balfour® states that GL palpaiis has been found in the Lado Enclave 
at Wandi, and also in the southern part of the Bahr-el-Ghazal province. 
Another species of Glossma, GL viovsitansy occurs in many, parts of this 
province — sometimes in very large numbers — and has been found by 
Morant as far north as S. Kordofan.] 

[When GL palpaiis was first discovered in the region of the Victoria 
Nile and around the Albert Nyanza in 1903, sleeping sickness was 
unknown there. By the end of 1904, however, this fly area had certainly 
become infected, for cases of sleeping sickness w'ere seen by Greig*^ at 
Fajao and at other places near the northern extremity of the Albert 
Nyanza, and along the Nile as far north as Wadelai. Subsequently 

^ [Nabarro and Greig, Report 0/ Sleepinj^ Sickness Commission^ No. 5, pp. 46, 47-1 

® Hodges, Report of Sleeping Sickness Commission^ No. 8, pp. 86-99.] 

® Balfour, Second Report (f the Wellcome Research Laboratofy^ Khartoum, 
1906 ; see p. 29 and map.] 

* [Greig and Gray, Report of Sleeping Sickness Commission^ No. 6, p. 276. J 
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{1905) Hodges found that the disease had spread in this part of Uganda 
(LJnyoro) and in the Nile Valley; but the conditions favourable to the 
occurrence of a great epidemic such as that on Victoria Nyanza*^ are not 
present in these parts of Uganda and the Nile Valley, except, perhaps, on 
the shores of Lake Albert.] 

[Sleeping sickness will probably make its way down the Nile as 
far as GL palpalis extends, but the danger of its spreading to Egypt 
is not great, because this tsetse has not been found along the Nile 
north of Gondokoro ; nor is it likely to occur here, for the character of 
the country is unfavourable to the fly (Greig). We know, however, 
that several other species of tsetse-fly occur in the Anglo-Egyptian 
Sudan, in British and German East Africa, in British Central Africa, 
and as far south as Natal and the Transvaal. If, as appears highly 
probable from the experiments of Nabarro, Greig, and Wiggins in 
British East Africa, other species of Glossina than Gl. palpalis can act 
as carriers of T. gambieuse, there is grave danger of sleeping sickness 
spreading east to the coast, north into the Sudan, and south through 
British Central Africa even as far as the Transvaal. The most 
stringent precautions and energetic measures should be taken to 
prevent the infection of this enormous fly-belt by natives from the 
endemic foci in Uganda and the Congo State.] 

[In November, 1903, Nabarro saw a case of sleeping sickness, 
which had been imported from Uganda, in the hospital at Nairobi, 
British East Africa, but hitherto the disease is unknown amongst the 
Nandi and Masai tribes of British East Africa.] 

[In September, 1904, Dr. Ahlbory,^ in writing from Muanza, 
German East Africa, states that sleeping sickness and GL palpalis 
occur on the Gori River ; also that an imported case of sleeping sick- 
ness from Uganda had been observed in Muanza. He states further 
that trypanosomiasis had been discovered in a child of two born 
in Tabora, which had never left the districts of Unyamwezi and 
Ussukuma.^] 

[A European who contracted the disease in German East Africa 
recently died in Hamburg.^ All these facts show that trypano- 
somiasis is obtaining a footing in this German colony, which has 


' [Hodges gives the following as being the conditions necessary for the occur- 
rence of a great epidemic : (1) 'rhe presence of G I, palpalis in large numbers over 
a considerable area; (2) a thickly-gathered, numerous population ; (3) free und 
frequent intercommunication, much of it within the fly range ; (4) a considerable 
part of the population either living or daily employed within the fly range ; (5) a 
coast or banks much broken by inlets, estuaries, and rivers, and with adjacent 
islands. These conditions rarely coexist in such fatal completeness as they do 
round the northern shores of Victoria Nyanza (Hodges).] 

^ [See R,A.M,C. Journ,^ v. 4, 1905, p 124.] 

[For the latest information concerning the progress of sleeping sickness in 
XTganda and German East Africa, consult the Reports of H.M. Commissioner for 
the Uganda Protectorate, also Koch in the Supplement to No. 51 of the Deutsch. 
Hied. Wochenschr,.^ December, 1906.] 

* [Nocht and Mayer, in Kolle and Wassermann’s ‘ Handbuch der Pathogenen 
Micro-organismen,* Appendix, p. 56.] 
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probably become infected both from Uganda and from the 
Congo.^] 

We may summarize the information we already possess about the 
geographical distribution of this disease by saying that it extenils 
along the valleys of the Senegal, Niger, Congo, and Upper Nile, and 
occurs also in the valleys of less important rivers situated between 
them (Manson). Hitherto the disease has not been recorded either 
in North or South Africa. 

Section 3.— Predisposing* Causes. The Influence of Ag*e, Sex, 
Occupation, Race, etc. 

Age appears to have no marked influence upon the disease. 
Christy has seen symptoms of sleeping sickness in many infants of 
eighteen months to two years, and these children had become infected 
a considerable time previously.- [By gland puncture Dutton and 
Todd, on the Congo, found trypanosomes in an infant less than nine 
months old.] The two sexes arc attacked in the same proportion. 
The influence of occupation and social position is very marked. The 
majority of cases are seen amongst the agricultural workers and 
amongst the poorest classes. The native chiefs and persons belong- 
ing to the upper classes living in the villages are attacked in a much 
smaller proportion than the poorer negroes who work in the fields 
all day. 

For a long time it was believed that the disease attacked only 
negroes. In 1859 Chassaniol reported a case of the disease in 
a mulatto at Goree. In Portuguese Congo half-castes art3 often 
attacked (Bettencourt). The cases recorded by Dutton tind Todd, 
Manson, Broden, Brumpt, and others, show that trypanosomiasis does 

* [Kudickc.(C<?/?/r i/<6.y. Bakter., I, Orig., v. 41, 1906, p. 72) has described a case 
of human trypanosomiasis in a native of German Kast Africa, apparently not dii<J 
to T. i(ainhu'nse. Clinically the patient was in the first stage of trypanosomiasis : 
febrile attacks not responding to quinine, enlarged lymphatic glands, pulse- rate 
increased, and spleen slightly enlarged. Occasionally there were slight fibrillary 
tremors of the longue and difficulty with speech ; once there was an urticarial 
eruption, which did nut irritate, and soon disappeared. Trypanosomes could not 
be found in blood-films, but a Cercopithccus injected with 9 c.c. blood showed very 
few trypanosomes in its blood seventeen and twenty-one days after injection. 'I'lie 
monkey died of sepsis a few days later. Rats, monkeys, and a cow injected with 
the monkey^s blood all failed to become infected. The trypanosome was con- 
siderably larger and broader than T. j^amOiefise ; the |)osterior end was very 
pointed, and the oval nucleus was situated at the junction of the middle and 
posterior thirds of the body. 'Flic parasites were all alike, and resembled 
/'. f/ieilen\ but were rather smaller, and the undulating membrane was better 
de\eloped. The patient was treated with arsenic for a time, and the febrile 
attacks ceased. The after-history of the case is unknown.] 

[Todd arid Tobey {Liverpool School of Tropicul Medicine^ Mem. 2r, Sep- 
tember, 1906, pp. 93, 94) describe a very similar trypanosome which was observed 
in the fresh blood of two monkeys {Cercopithccus schmidti) at Kasongo, Congo 
State. The trypanosomes were not found in stained specimens. 'I'odd and 
Tobey think it is a hitherto undcscribed parasite of the monkey, and that it is the 
same as that seen by Kudicke. | 

- Christy, ‘ The Epidemiology' and Etiology of Sleeping Sickness.* Royal 
Society, Report of the Sleepins[ Sickness Commission^ November, 1903. 
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not spare Europeans. We have already seen that in a case of 
Sir Patrick Manson’s the characteristic symptoms of sleeping sick- 
ness were observed in a white woman. 

In 1904 Dupont,^ a practitioner from the Congo Free State, 
recorded three cases of sleeping sickness in Europeans who had lived 
on the Congo. Trypanosomes were found in the cerebro-spinal fluid 
of only one of these patients, but in the other two cases the clinical 
symptoms pointed clearly to the existence of sleeping sickness. 

[During the Last few years several more cases of trypanosomiasis 
and sleeping sickness have been recorded in Europeans. Nearly all 
the European countries with African colonies have contributed to the 
cver-increasing list of victims to this disease. A recent writer '^ in the 
British Medical Journal states that hitherto seven cases of trypano- 
somiasis are known to have occurred amongst English people. Four 
of these have died ; of the three still alive, one is said to be quite 
well and the parasite has disappeared, while the other two have been 
free from active symptoms for several months. The writer of the 
article — and Sir Patrick Manson is of the same . opinion — thinks that 
there may be a small percentage of recoveries from trypanosomiasis in 
man, and that the terminal and fatal condition — sleeping sickness — 
is not inevitable.] 

[Two of these cases are of more than ordinary interest. One was that 
of a European who was under the care of Dr. Moffat in Entebbe, 
Uganda, in March, 1903, as already recorded by P>ruce and Nabarro in 
their ‘Progress Report on Sleeping Sickness in Uganda,’ p. 17. This 
patient was curator of the Botanical Gardens, which are situated on the 
lake shore, and are full of tsetse-flies and rank vegetation. The disea.se 
started with irregular fever and delirium ; no malarial parasites were seen 
at any time, but trypanosomes were discovered in the blood on .\pril 2, 
1903. The patient was invalided to England on April G, and died exactly 
three years later — on April 6, igoG — of typical sleeping sicknes.s. ] 

[While in England the patient had periodical febrile attacks. He first 
became drowsy in November, 1904, having previously suffered from 
delusions. Latterly he became more drowsy and apathetic, and was 
admitted to hospital for the third time in October, 1905.=* He was then 
very weak and had difficulty in swallowing his food. While in hospital 
he was sometimes very lethargic, not speaking for days, while at other 
times he brightened up and took his food well. On several occasions his 
temperature rose to 103° or 104"* P'., accompanied by a rigor or fit, epileptic 
in character. Neither trypanosomes nor malarial parasites were found in 
the blood on these occasions. On March 28, 190G, the temperature fell to 
92° F., but rose again to y8° F. a few days later. It then steadily and 
progressively fell, and on the day of death — April G, 1906— was 84*2*^ l‘\ 
On April 4 he was very drowsy, but still sensible. In the evening he had 
a fit, which lasted about ten minutes. The next day he was almost uncon- 
scious, but winced when lumbar puncture was performed. Trypanosomes 

^ Dupont, Le Caducce^ April 16, 1904. 

\Brit, Med. Journ.., May 5, 1906, p. 1062.] 

•* [l am indebted to i)r. Rose Bradford, under whose care the patient was while 
in University College Hospital, for permissym to use the notes of the ca.se, and 
to make the post-mortem bacteriological investigation,] 
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were easily found in the cerebro-spinal fluid. The next day the patient 
died, and post-mortem the brain showed the typical macroscopic 
appearance of sleeping sickness, and there were broncho-pneumonic 
patches in both lungs. The heart blood and cerebro-spinal fluid were 
found to be sterile.J 

[Dr. Mott, who examined the brain and other organs microscopically, 
found the typical lesions of sleeping sickness present.] 

[The other case was that of a young scientist,^ a member of the Royal 
Society’s Sleeping Sickness Commission in Uganda, who cut himself 
during the dissection of an infected rat. Trypanosomes soon appeared in 
his blood, and after an unusually rapid course, the infection ended fatally 
in June, 1906, having lasted only a few months.] 

[Records of other recent cases of trypanosomiasis in white people 
have been summarized by Mesnil.- These cases have been reported 
by Carlos Franga,** Dias de Sa,^ Martin and Girard,® Sicard and 
Moutier,** and Willems.^ In all but Dias de Sa*s case, in which 
hypnotic symptoms were absent throughout, these were all cases of 
sleeping sickness. Willems mentions four cases which came under 
his observation. There seems to be no doubt about the diagnosis, as 
the symptoms were very definite, but the diagnosis was not confirmed 
microscopically. In all the other cases trypanosomes were found in 
the body fluids of the patients or in the blood of injected animals.] 
[Other cases have been recorded by Broden** in a missionary from 
the Congo, and by Gunther and Weber'-* in a patient who probably 
contracted the infection in Cameroon in 1902. Reference has already 
been made to the case of a European who became infected in German 
East Africa and died recently in Hamburg.] 

[Nabarro and Greig^^* have recorded the case of a Persian the 

first reported instance of the disease in an Asiatic — who, having been 
in Uganda on and off for eighteen years, had come into close contact 
with the natives and contracted sleeping sickness, of which he died 
towards the end of 1903 (see Fig. 51), Two cases of trypanosomiasis 
have recently been observed by Gray in Indian soldiers in Uganda.] 
The seasons appear to exert no influence upon the course of the 
disease, but on account of the long period of incubation, or rather 
of latency, which, as a rule, precedes the appearance of nervous 
symptoms, it is difficult to be sure about this. 

We have already mentioned that the disease has been wrongly 

^ [I refer to the late Lieutenant Forbes Tulloch, R.A.M.C., whose untimely fall 
on the field of battle against disease is deplored by all.] 

^ [Mesnil, //«//. I/isf, J*(isi.^ v. 4, 1906, p. 126, from which the following five 
references are taken.] 

^ [CarU)s Franga, quoted from Le Semaine mMicahy 1905, p. 48.] 

* Dias de Sa, Porio medico^ *905* No. 2.] 

® ’Martin and (Girard, Bull, April 29, 1905 ; Lancet,^ May 20, 1905, 

p. 1385; also L. Martin, Ann, Inst. Past,., v. 21, 1907, pp. 161-193.] 

® [Sicard and Moutier, Bull, Soc, mid, des Hopztaux^ 30 and December 8, 

^ Willems, ‘ La Maladic du Sommeil,* Brussels, 1905.] 

® iBroden, Publications de la Soc, d Alludes colon, de Belg.., 1905.] 

** Gunther and Weber, med, IVoch,, June, 1904, pp. 1044-1047.] . 

[Nabarro-and Greig, Sleeping-Sickness Reports., No. 5, 1905, p. 33.] 
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attributed to manioc-eating. Fish, or at least certain kinds of fish, 
has often been mentioned amongst the causes of the disease, on 
account of the frequency of its occurrence along the banks of certain 
watercourses and, in Uganda, in the villages bordering on Lake 
V'ictoria. But in certain districts where the natives cat as much, 
and the same kinds of, fish as in the infected districts the disease is 
not endemic. 

Wars and famine have favoured the spread of sleeping sickness 
in Africa. This is the usual effect of these scourges upon epidemic 
diseases, and sleeping sickness, naturally endemic, may assume an 
epidemic form. 

The Soudanese soldiers disbanded after the relief of Emin Pasha 
by Stanley in 1888 contributed, according to Christy,^ to the rapid 
spread of the disease throughout Uganda. In 1901 and 1902, 
according to the same observer, the mortality from this disease was 
increased by famine in the islands in Lake Victoria. 

Along the Ivory Coast, before its invasion by bands of Samori, 
sleeping sickness was much less common than it is at the present 
day (Kermorgant). 

The chief foci of the disease are met with along the rivers in well- 
wooded districts. This is easily explained. We shall see later on 
that sleeping sickness is spread by a biting fly, GL palpalif;, and that 
this fly lives along the watercourses in districts where vegetation is 
abundant. When patients suffering from trypanosomiasis arrive in 
those areas where GL palpal is abounds, the disease is spread; on 
the other hand, in districts where the fly is absent the introduction 
of infected individuals is followed by no serious result. It is just the. 
same as with malaria, yellow fever, nagana, and, in short, with all 
diseases which are propagated by a special insect : the disease is 
infectious only where the insects capable of propagating it occur. 

Section 4.— Description of the Disease. 

All authors are agreed that the onset of the disease is insidious. 
We know that trypanosomes may be present for a long time in the. 
Wood before getting into the ccrebro-spinal fluid, and thus giving rise 
to the symptoms of sleeping sickness, so that two distinct stages 
can be recognised during the course of the dist^ase. 

In the first stage trypanosomes occur in the blood, but usually 
only in small numbers. Generally they give rise to no symptoms in 
iiegroes, but in white people there is irregular fever. In the second 
stage pain in the back, tremors, and, later, drowsiness occur, and the 
temperature is of a hectic type. The drowsiness goes on to lethargy, 
•nid the patient finally falls into a comatose condition. The tem- 
perature becomes subnormal before death. Trypanosomes are prac- 
tically always present in the cerebro-spipal fluid. 

^ [Christy obtained this information from Dr. Moffat ; see p. 363.] 

24 
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Hitherto the descriptions of sleeping sickness have referred only 
to this second phase of the disease. 

First Stage [Trypanosome Fever, so called.] — In negroes 
the diagnosis could formerly only be made by the examination of the 
blood. The parasites a,re very scanty, and therefore often difficult to 
discover in the blood. [Mott was the first to suggest that possibly th<?, 
trypanosomes might be more easily found in the enlarged lymphatic 
glands than in the blood. Greig and Gray, in Uganda, practically 
tested Mott’s suggestion, and found that trypanosomes were often 
discernible in the fluid obtained by gland puncture when they could 
not be seen in the blood. Gland puncture is therefore the best 
means of making the diagnosis of early trypanosomiasis, but in the 
absence of the necessary apparatus and skill, ^land palpation may be 
relied upon almost as much, Dutton and Todd have found that 
cervical gland enlargement, without obvious cause, in a native who 
has been exposed to the risk of infection, is almost certainly due to 
trypanosomiasis, and should be regarded as such until the contrary 
is proved.] 

This latent period of the infection varies very much in length : 
sometimes it is very short ; at other times it may extend over several 
years. [In a case of trypanosomiasis in a European contracted on 
the Congo, Dutton, Todd, and Christy^ found ‘that the incubation 
period between the time of infection with T. gamhieme and the 
appearance of the symptoms associated with trypanosomiasis may 
be as short as four weeks.’] 

According to Corre, the inhabitants of the island of Gorec 
(Senegal) who had lived in Casamance did not consider themselves 
safe from the disease until at least seven years after they had left the 
infected area. Guerin, in the Antilles, has recorded cases in negroes 
who had quitted Africa five to eight years previously, and there is 
no doubt that these negroes had brought the germ of the disease 
from Africa. The disease, however, never spread in the Antilles. 
Manson writes : ‘ The disease may appear seven years after having 
left an endemic area.’ 

The observations of Dutton and Todd in Gambia, and of Bruce, 
Nabarro, and Greig in Uganda, show that in negroes this flrst stage 
is accompanied, as a rule, by no obvious signs of disease [except the 
glandular enlargement above referred to] ; but this is not the case 
wuth mulattos and whites. Fever is the chief sign of the infection. 
The patients suffer from an irregular intermittent fever, the tempera- 
ture being raised for two to four days, then falling to normal or 
below normal for four or live days. In other cases the fever is of the 
hectic type, the temperature being normal in the morning, but rising 
in the evening to 38-5° or 3g®C., and rarely to 40® C. [104^ F-.!* 
The rises of temperature are not preceded by rigors, and the sweat- 

^ [Dutton, I’odd, and Christy, Tkotfipson Yates and Johnston Lab, Report 
V. 6, part i., 1905, section 6.] 
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ing which otcurs at thef end of the rise is, as a rule, only slightly 
marked. The respiration and pulse rates are increased quite apart 
from the febrile attacks ; the respiration rate is from 25 to 30 a 
minute, and the pulse rarely falls below 90. Cardiac excitability 
is, according to Broden, a constant symptom, the pulse rate often 
reaching 140 a minute. 

Localized oedemas and erythemas are often present, such as 
puffiness of the face, oedema of the eyelids and ankles, and evanescent 
congested or erythematous patches on the face, trunk, or limbs. 
Anaemia, general weakness, and wasting are slightly marked at first, 
but gradually increase, and headache is present in many cases. 

The spleen is often enlarged, but this is not always the case. 



Fici. 48. —Human Trypanosomiasis. Part of the Temperature Chart of Dutton’s 
First Patient during nis Stay in the I^ivkrpool Hospital. 

especially at the outset. Baker observed splenic enlargement in only 
one of his three cases. Broden also thinks that the spleen is only 
slightly enlarged in the first stage of the disease. Moreover, the 
prevalence of malaria in those districts where trypanosomiasis 
occurs may itself give rise to enlargement of the spleen. The liver 
dulness is increased in some cases. In the absence of complications, 
the other organs show nothing abnormal. 

In Dutton’s first case the duration of the disease was at least 
nineteen months before it ended fatally. Dutton and Todd’s case in 
a quadroon also ended fatally after one year and a half. 

In certain cases trypanosomiasis may terminate fatally without 
giving rise to the characteristic symptoms of sleeping sickness — 
^^yrnptoms w'hich may occur in Europeans and Asiatics as well as in 
blacks, as is shown by the very interesting case published by Manson 
in 1903 [and by the later cases], to\vhich we have already referred. 

Second Stage [Sleeping Sickness, so called.] — The chief 
‘^igns arc fever and symptoms associated with the nervous system. 

The temperature, which in the firsjt stage of the disease shows 
considerable elevations, with fairly long intervals of apyrexia, is in the 
second stage of a hectic type. As a fule, considerable oscillations 

24 — 2 



372 TRYPANOSOMES AND THE TRYPANOSOMIASES 


are observed, the temperature in the evenfhg often rising to 39° C. 
[i02-2° F.l, and falling in the morning to 37° C. [gS’b® F.]. It is 
important to bear in mind this type of fever, for the diagnosis has 
often to be made between trypanosomiasis and malaria. In malaria 
we know that, as a rule, the highest temperatures are observed in 
the morning, whereas in trypanosomiasis and in ‘ hectic ’ fever the 
reverse is the case. 

The rise of temperature is, as a rule, unaccompanied by rigors or 
sweating. Patients will sometimes attend to their daily occupation 
with a temperature of 39^^ to 39’5° C. [102° to 103° F.], and it is 
therefore necessary to use a thermometer in order to ascertain 
whether the temperature is raised, and not to rely upon the state- 
ments of patients. 

The pulse-rate is increased, and, moreover, may vary consider- 
ably in frequency during the day, increasing, perhaps, from 90 to 130 
per minute, without a corresponding rise in the temperature. The 
respiration rate is also increased to 20 or 30 per minute. There are 
often irregularities in the temperature chart due to complications, 
and particularly to malarial attacks. For several weeks before death 
the temperature falls below normal, and this subnormal temperature, 
when it occurs in the evening as well as in the morning, is always of 
fatal import. Fig. 49 shows a typical temperature chart of a sleep- 
ing sickness patient. [During the last seven to fourteen days the 
rectal temperature often falls to below 95® F. (35° C.), and for 
several days may be as low as 92® F. (33*3° C.) in the morning. In 
the case of the European mentioned on p. 367, the temperature 
steadily fell from 95° F. during the last five days of life, and shortly 
before death reached the very unusual figure of 84’2° F. (29° C.), 
taken in the r,ec:tum.] With this fall of temperature the frequency 
of the pulse and respiration is usually diminished. 

Headache and a change in the mental condition or temperament 
of patients are constant symptoms at the commencement of the 
second stage of the disease. Headache occurs in the supra-orbital 
regions; some patients complain of a sense of constriction in the 
temples (Guerin). The headache is often accompanied by pain in 
the back and in the upper part of the chest.^ Patients who were 
active and intelligent become lazy and dull. Apathy is one of the 
chief features of the disease; the face loses its ordinary expression, 
and the patient is drowsy, and when asked questions replies only 
after a considerable interval. [Figs. 50 and 51 show very well the 
characteristic expression and facial aspect in sleeping sickness.] 

Tremor of the tongue and hands is nearly always present. In 
the tongue it is usually of a fibrillary character. The tremor of the 
hands and arms which is present during rest often becomes increased 
on voluntary movement, such as raising a glass of water to the lips, 

^ (In two tases recorded by L. Martin pain in the feet was a very marked and 
persistent symptom.] 
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etc. In certain cases trfemors also affect the lower limbs and trunk, 
and may even shake the bed on which the patient is lying. 

Towards the end rigidity of the neck muscles and marked 
flexion of the lower limbs are frequently observed. Epileptiform 



Fig. 49. — The Temperature Chart of a Sleeping Sickness Patient.' 

(Case 42. Bruce and Nabarro’s Report, No. i, p. 85.) 

convulsions, either generalized or localized to certain groups of 
muscles, occasionally occur. Paralyses are very rarely seen, but 

‘ [This chart is inserted in place of that given in the original, as being more 
complete and probably more correct in details. 'I'he temperatures given by Low 
and Castellan!, whose chart Laveran and Melnil copied, were taken in the axilla, 
and no records were made below 95® C. The temperatures in all our cases were 
taken in the rectum.— En.] , 
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there is general weakness or asthenia, which' gradually becomes more 
pronounced, and is accompanied by progressive emaciation. 

In the last stages there is incontinence of urine and faeces. 
Beyond the pains already referred to there is little or no sensory 
disturbance. There is no anaesthesia, but zones of hyperaesthesia 
are sometimes found. The superficial reflexes are usually normal ; 
the pupils are equal and generally dilated, and there are no ocular 
paralyses or changes in the fundus oculi. 



FiG. 50 ,— Photograph of an Advanxed Case of Sleeping Sickness in a Native 

OF Uganda. 

An exposure of if-,y second with a ' focal-plane ’ shutter was used, and even then it was 
found necessary to hold the head on account of the fine tremor present. Photo- 
graphed by Mr. R. J. Stordy, Principal Veterinary Officer, Uganda and East Africa 
I’rotectorates. 

The intellectual faculties gradually become impaired, the patient 
has a certain amount of difficulty in understanding what is said to 
him, and becomes emotional, often crying for no reason whatever. 
Delirium is usually absent. . 

V The drowsiness increases, and the patient’s attitude becomes 
characteristic. The head fallsi forward on thejehest and the eyelids 





HUMAN TRYPANOSOMIASIS 


375 


are closed. At first the patient is easily aroused from this drowsy 
condition, but soon he reaches that stage in which he falls sound 
asleep, almost in any attitude and under any conditions, especially 
after meals. These periods of sleep, which become gradually longer 
and more profound, lead eventually to a comatose condition, from 
which the patient can be aroused only with the greatest difficulty. 



t'lG. 51. — PHOTOGRAril OF A PkRSIAN SUFFERlNil FROM SLF.rCJ’ING SlCKNRSS. 

This photograph was also taken by Mr. StorUy, with the same exposure as Fig. 50. 
This and the preceding photographs show well the characteristic lethargic appear- 
ance, which may be correlated with the advanced chronic interstitial meningeal and 
perivascular inflammation of the lymphatic system of the brain found in these two 
cases by Dr. Mott. 


It is at this stage that the temperature becomes subnormal and 
death occurs. 

* [This condition of drowsiness and sleep, leading eventually to coma, is 
by no means invariably present. In the early part of the ‘ sleeping 
sickness ' stage patients often sleep more than usual, but later on they do 
not sleep excessively. They become lethargic or apathetic (see Figs. 50 
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and 51), and indifferent to their surroundings, ind often lie with their eyes 
closed. When spoken to, they hear and understand what is said to them, 
and after a longer or shorter interval give a very brief reply. Many years 
ago Corre had drawn attention to this fact ; Bruce and Nabarro noticed 
the same thing in Uganda, and Dutton and Todd in the Congo State. 
Mott states that there is a parallelism between the intensity of the lethargy 
or apathy, the chronicity of the disease, and the characteristic histological 
changes in the central nervous system.] 

[Lorand^ has suggested that the drowsiness of late trypanosomiasis is 
due to the same cause as the sleepiness of myxeedema — namely, atrophy 
of the thyroid gland. He thinks that sleeping sickness is due to thyroid 
degeneration brought about by the action of the toxins of the trypano- 
somes on the thyroid gland. Sleeping sickness, he says, presents not 
only all the clinical symptoms of myxeedema, but also the same anatomico- 
pathological changes in the nervous system. Acting upon this hypothesis, 
Lorand treated a case of sleeping sickness with thyroid tablets with good 
results, especially in the symptoms referable to the nervous system.] 

Anaemia is nearly always present, but it is often difficult to 
determine how much of this is due to the trypanosomiasis and how 
much to other diseases from which the patient may be suffering, 
such as malaria, ankylostomiasis, etc. In the patients observed 
by Low and Castellani the average number of red corpuscles was 
3,500,000 per cubic millimetre. Occasionally they number only 
2,000,000, and in one case there were 6,200,000 red corpuscles 
present per cubic millimetre at the time of death. 

[In one Uganda patient whose blood was examined a few days 
before death I found over 8,000,000 red corpuscles per cubic 
millimetre. The next day the number had fallen to 7,400,000. 
On neither occasion was cyanosis present.] 

The hajmoglobin is diminished in proportion to the diminution 
in the number of red corpuscles. In the majority of patients the 
large mononuclears are increased in number, and in young subjects 
the eosinophiles are also increased. [This eosinophilia probably 
bears no relation to the trypanosomiasis, but is due to helminthiasis. 
Practically every patient shows, post-mortem, an infection with one 
or more species of worms.] 

[From seventeen observations on fifteen patients in the later 
stages of sleeping sickness, I have obtained the following differential 
leucocyte count : polymorphonuclears, 50‘6 per cent. ; lymphocytes, 
27*3 per cent. ; and large mononuclears, I5’3 per cent. The eosino- 
philes varied from o to 20 per cent., and the basophiles from 0*2 to 
1*2 per cent.] 

[An analysis of Greig and Gray’s blood-counts^ — 104 observations 
on fifty-four patients in all stages of sleeping sickness — gives the 
following results: polymorphonuclears, 40 per cent.; lymphocytes, 
387 per cent.; and large mononuclears, 147 per cent. The higher 
percentage of polymorphonuclear leucocytes found by Nabarro is 

* [Lorand, Monthly Cyclopmiia df Practical Medicine^ v. 9, 1906, p. 145 ; also 
LanceU May ^3 1905, p. 1292, and June 23, 1906, p. I775*] 

* [Ureig and Gray, op, cit,^ 1905, pp. 18-24.] 
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probably due to the fact lhat in nearly every case the blood-films were 
taken from patients within a few weeks of death. Comparative blood 
examinations, made several weeks before death and again a few weeks 
later, reveal the fact that the mononuclear leucocytosis which is 
usually present in the first stage of trypanosomiasis and in the early 
stage of sleeping sickness proper often gives place to a polymorpho- 
nuclear leucocytosis.] 

[This is well shown by the leucocyte counts of the following two 
cases : 

Patient /. — On. June 29, 1903, the polyrnorphonuclears were 46-4 per 
cent., the lymphocytes 34 per cent., and the large mononuclears 16 per 
cent. On July 21, 1903, the numbers were 81*4, 8*2, and 10*4 per cent, 
respectively. The patient died on July 23. 

Patient II . — On April 30, 1903, the polyrnorphonuclears were 57 per 
cent., the lymphocytes 29 per cent., and the large mononuclears 9 per 
cent. On June 29, 1903, the numbers were 74*8, 7*4. and 136 per cent, 
respectively. The patient died on July 7.] 

(Several of Low and Castellani’s^ differential leucocyte counts 
made several weeks, and again shortly before death, show the same 
thing. This terminal polymorphonuclear increase is no doubt due 
to the secondary or terminal bacterial infection which is so often 
found post-mortem in sleeping sickness patients.] 

[Dutton and Todd and others describe an anto-a^glutination of the red 
corpuscles which has been regarded as pathognomonic of trypanosome 
infections. It occurs in man and in infected animals as long as the 
trypanosome infection lasts.] 

The trypanosomes are always very scanty in the blood, but in a 
small percentage of cases they may be found in ordinary bloo.d- 
films. We shall mention later on the methods which have to be 
employed when the trypanosomes are very scanty. 

[There is sometimes an apparent periodicity, and in a few cases 
examined from this point of view Greig and Gray found the trypanosomes 
more numerous in the blood at night than by day. Todd and Tobey,- 
from a number of observations made on sleeping sickness patients in the 
Congo State, conclude that ‘ no marked qualitative or quantitative 
change, corresponding to day and night, occurred in the peripheral blood 
of the cases * examined from this point of view. Thomas and Hreiiil 
{op. cit.^ p. 10) found a marked periodicity in the presence of the parasite 
from day to day. In one case in which the intervals of absence were 
longest the trypanosomes were present on twenty-two days and absent on 
seventy-eight days ; the largest number of successive days on which they 
\yere present was three, while the longest period of absence was twenty- 
live days.] 

Malarial parasites and pigmented leucocytes are often found in 
the blood of patients, pointing to the presence of a malarial complica- 
tion. In certain districts embryo filaria; are also frequently met 
with in the blood, and the very frequent coincidence of sleeping 

^ [Low and Castcllani, Reports of the Sleeping Stc?:ness Commission, No. 2, 
'903, pp. 43.61.] 

* rrodd and Tobey, Liverpool School of Tropical Medtctne^ Mem. 21, 1906, 

P. 62.1 
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sickness with lilariasis led to the idea that* these two diseases were 
related in some way (Manson). 

(Edematous swellings have been noted by some observers, and 
van Campenhout and Dryepondt speak of well-defined hard swellings, 
particularly at the upper part of the tibia. Roughness of the skin, 
which has been looked upon by some authors as one of the symptoms 
of the disease, is far from constant. According to Low and Cas- 
tellani, the skin remains perfectly normal in many cases right up to 
the end. We have seen that in the first stage of the disease various 
skin eruptions may occur in white people. In negroes in the second 
stage it is not uncommon to find papulo-pustular eruptions, pruritus, 
and lesions due to scratching. But these skin conditions are also 
frequently met with in negroes who are not attacked by trypano- 
somiasis (Low and Castellani). In several cases of trypanosomiasis 
in Europeans, Dupont noted very extensive and pruriginous papular 
or vesicular eruptions.^ 

[Nattan-Larrier and Tauon,- in a case of trypanosomiasis in a 
European, saw two types of skin eruption, (i) A vesiculo-papular eruption 
— as described by Broden, Dupont, and Marlin — localized to the arms 
and lower part of the chest. This form of eruption causes much irritation. 
(2) The more characteristic circinate erythema — as described by Forde, 
Manson, Giinther, and others — localized to the shoulder and arms and to 
the hypochondriac, epigastric, infra-axillary, lumbar, and interscapular 
regions. This form of eruption consists of round or oval rings, purplish 
red in colour, 4 to 12 millimetres to J inch) wide, enclosing areas of 
skin 2 to 12 centimetres (i to 5 inches) in diameter. Erythematous 
patches looking somewhat like urticaria are thus produced, but they never 
irritate. These patches arise in simultaneous crops, and run their course 
in ten to fifteen days.] 

I As in the case of the plaques seen in dourine, superficial scarifications 
of these erythematous eruptions showed several trypanosomes in smears, 
while a simultaneous or previous examination of blood from the finger was 
negative. These characteristic erythemas are important, therefore, from 
both the clinical and micro-biological points of view. The presence of 
trypanosomes in the superficial capillaries of the skin may have an 
important bearing upon the transmission of the infection by biting flies.] 

[Mott thinks that the various skin eruptions seen in T. gamhiense 
infections may be accounted for by irritation of the neurotrophic 
centres in the spinal ganglia, as has already been stated in discussing 
the origin of the plaqtics in dourine (p. 319).] 

The lymphatic glands in the neck, groin, and axillae are as a rule 
enlarged in patients suffering from sleeping sickness. ‘ We always 
found enlargement of the cervical glands,’ writes Bettencourt.'^ 
‘Cervical adenitis is, therefore, a constant symptom.’ General 
lymphatic enlargement was observed by the Portuguese Commis- 
sioners in 74 per cent, of the cases. 

* Oufuctfet April 16, 1904. 

^ [Nattan-Ltfirrier and Tanon, C. */?. Sac. BioL, v. 60, 1906, p. 1065 ; abstract 
by MeSnil, Bull, Inst Past.^ v. 4, 1906, p. 670.] 

^ The Report of the Portuguese C9iTiiiiission already referred to. 
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According to Low and* Castellani, the frequency of skin affections, 
tuberculosis, and syphilis accounts for the glandular enlargement, 
which, they say, should not be looked upon as a special symptom of 
trypanosomiasis. The glands, which vary in size from that of a bean 
to that of a hazel-nut, are hard and not adherent to the skin, and 
only rarely suppurate. 

[The subsequent Uganda Commissioners, as well as Dutton and 
his co-workers in the Congo State, frequently found suppuration of 
the lymphatic glands; and Mott,^ who has recently examined the 
deep paravertebral glands of the neck and other glands from many 
sleeping sickness cases, finds that there is nearly always evidence of 
suppuration. The glands arc purulent, or show minute necrotic 
areas or points of suppuration, or, on staining, contain numerous 
foci of Gram-positive diplococci or diplostreptococci.] 

The following observations, however, leave no doubt as to the 
relation between trypanosomiasis and enlargement of the lymphatic 
glands. Greig and Gray- punctured the cervical lymphatic glands 
in fifteen cases of sleeping sickness, and found trypanosomes present 
ill the fluid withdrawn, always in greater numbers than in the blood 
or cerebro-spinal fluid. The parasites were also found, but in smaller 
numbers, in other glands. The glands of five natives suffering from 
trypanosomiasis in its first stage also contained trypanosomes.-* 

[Greig and Gray,^ Dutton and Todd,'* and many subsequent 
observers, have since confirmed this observation, so that at the 
present time cervical gland puncture is regarded as the most reliable 
means of making the diagnosis of trypanosomiasis. Moreover, Todd 
states that from the examination of over 6,000 apparently healthy 
negroes in the Congo Free State, he and Dutton found, by using 
gland palpation and puncture, that every negro whose neck glands 
are enlarged without obvious cause must be regarded as the subject 
of trypanosomiasis until the contrary is proved.] 

The spleen as a rule shows some enlargement, but this is often 
due to malaria, as can be proved at the autopsy. We have seen 
that enlargement of the spleen is a very common symptom of the 
trypanosomiases, and that it is observed in the majority of animals 
inoculated with T, gambiensc. It is therefore quite likely that 
enlargement of the spleen may occur in man as a result of 
uncomplicated trypanosomiasis. 

The respiration rate is increased especially at night, and is 

^ [Mott, ‘ Histological Observations on Sleeping Sickness and other Trypano- 
some Infections,* Sleeping Sickness Reports 0/ the Royal Society, No. 7, 1906.] 

* [It was Dr. Mott, a member of the Tropical Diseases Committee of the 
Royal Society, who conceived the idea that trypanosomes might easily be found 
in the enlarged lymphatic glands, and at his suggestion Greig and Ciray were 
asked to examine the glands for living trypanosomes.] 

* [Greig and Gray, Brit. Med. Joum., May 28, 1904, p. 1252.] 

^ [Greig and Gray, Report of Sleeping-Sickness Commission, No. 6, 1905, 
Pp. 7-18.] 

[Dutton and Todd, Liverpool School of Tropical Medicine, Mem. 16, 1905, 
PPi 97-102 ; and Mem. 18, 1906, pp. 1-21.] • 
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usually in proportion to the acceleration 6f the pulse. It may be 
from 20 to 30 per minute. Cheyne-Stokes breathing is not un- 
common during the last days of the illness. Physical examination 
towards the end of the disease shows signs of hypostatic congestion 
and oedema of the lungs. 

The pulse rate is rarely normal, but is increased to go to 130 beats 
per minute, great variations taking place during the course of the day. 
The relation of the pulse rate to the temperature is not constant, and 
great frequency of the pulse may be found together with a low tem- 
perature. During the later stages, however, the pulse rate becomes 
diminished coincidently with the fall of temperature (see Fig. 49). 

The pulse is regular and of very low tension. When the tem- 
perature is much raised the pulse may be dicrotic. For tw^enty- 
four to forty-eight hours before death it may become thready or 
imperceptible. 

There are no symptoms in connection with the heart, neither 
palpitation nor signs of endocarditis, but occasionally a haernic 
murmur may be present.^ 

The appetite is normal, or even increased, at the onset of the 
disease. There is no vomiting, and constipation is usually present. 
The fa*ces, which are hard, usually contain a variable number of the 
ova of worms: Ankylostomum (Inodcnale, A scar is Inmbricoides, and 
Trie hoc ephaliis. The liver is often enlarged, but less so than the 
spleen. 

The quantity of urine passed in the twenty-four hours is at first 
normal, but is often increased in the later stages of the disease. 
The urine is clear, pale, of low specific gravity, and its reaction is 
nearly always alkaline, on account of the vegetarian diet of the 
patients. On analysis an excess of carbonates and of earthy phos- 
phates is found. Albumin is absent as a rule, but there may be a 
trace when the temperature is high. Sugar and bile pigments are 
absent. In the last stages there is incontinence of urine. Low 
and Castellani never met with a case of retention. 

[When studying the disease in Uganda, we found it convenient to 
recognise three stages in sleeping sickness proper. Although these are 
not sharply defined, but pass gradually the one into the other, we 
nevertheless found them useful in the clinical description of the malady.] 

[i. Stage of Fever. — In this stage it is often impossible for a European 
to recognise that the patient is ill at all, but his friends have already 
recognised the subtle change in intelligence or demeanour which they 
have learnt to associate with the onset of sleeping sickness. On examina- 
tion, the temperature is usually found raised and of the ‘ hectic ’ type (see 
Fig. 49) ; the pulse is accelerated, small, and of low tension. Trypano- 
somes are nearly always found by lumbar puncture.] 

[2. Stage of Tremors. — After a variable time — usually one to two 
months — the dull, heavy expression which appears during the first 

1 [In a case of the disease in a European recorded by Martin, the patient 
suffered from, dyspnoea and palpitation at an early stage of the disease, and 
clinically resembled a patient with cardiac disease {Ann. Inst. Past.<^ v. 21, 1907* 
pp. 161-193)] I 
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stage deepens, and the fyce may become puffy. The gait becomes 
shuffling and uncertain. The speech is slow, thick, and mumbling, and 
the voice is often high-pitched. There is a marked tremor of the tongue 
and hands, and often of the lips and legs. The patient becomes more 
listless and apathetic, and is still able to get about, though with increasing 
difficulty. The temperature continues to oscillate, but not so much as in 
the first stage, and is rarely so high as at first. This stage lasts as a rule 
two to four weeks, and passes gradually into] 

[3. Stage of Subnormal Temperattive and Profound Lethargy , — The patient 
is now quite lethargic and helpless. He takes his food with the greatest 
difficulty, and often has to be forcibly fed. He passes urine and faices 
under him, or there may be obstinate constipation. The temperature 
is subnormal, often registering only 92® to 95° F. (see Fig. 49). The 
pulse is almost imperceptible, and the patient dies, often conscious 
almost to the end, but absolutely lethargic and indifferent to his 
surroundings.] 

[Dutton, Todd, and Christy^ adopt a somewffiat similar classification 
in their description of the disease : 

Type A . — Cases with no definite symptoms of illness. 

Type B , — Cases with few symptoms. 

Type C . — Fatal cases with well-marked symptoms, the most notable 
being fever, lassitude, weakness, and wasting. Cases under Type C they 
further subdivide into (i) those showing no .sleep symptoms; and (2) those 
showing sleep symptoms.] 

Complications. — Amongst the most common complications are 
laryngitis, bronchitis, broncho-pneumonia, and cedema of the lungs* 
Bed-sores are common, especially if the patients lie on hard, coarse 
beds and are not properly attended to when they pass urine and 
feces under them. 

[In Uganda we often found secondary bacterial complications 
post-mortem, such as purulent meningitis, pneumonia, and genera- 
lised suppuration of the lymphatic glands. Christy, Dutton, and 
Todd on the Congo also found that secondary bacterial infection 
seemed to determine the fatal issue in many cases of sleeping 
sickness.] 

Duration. — We have already seen that the first stage of the 
disease may last for several years. The second stage lasts from four 
to eight months. Sometimes there are periods of remission, but 
relapses invariably occur. It is quite exceptional for the disease to 
be prolonged for more than a year from the time that the nervous 
symptoms become manifest. 

[Sometimes, however, the disease may last even longer than a 
year. The European (see p. 367;, who contracted trypanosomiasis 
in Uganda early in 1903, had delusions and became drowsy before 
November, 1904, but did not die of sleeping sickness until April, 
1906 — more than eighteen months from the onset of nervous 
symptoms.] 

^ [Duttun, Todd, and Christy. Thompson Yates and Johnston Lad, Reports^ 
V. 6, part i., p. 14. See also Stephens, Natur^^^ v. 69, February ii, 1904.] 
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Section 5.— The Pathogenicity of Trypanosoma gamhiense 
for Different Species of Animals. 

T. garnbiensc is pathogenic for a very large number of mammals : 
monkeys (at least certain species), lemurs, the dog, [jackal], cat, 
rabbit, guinea-pig, rat, mouse, [jerboa], hedgehog, marmot, horse, 
donkey, [cow], goat, and sheep. 

Monkeys and Lemurs. — The disease produced in monkeys by 
inoculation with blood or cerebro-spinal fluid of sleeping sickness 
patients is very interesting, inasmuch as it is closely analogous to 
human trypanosomiasis. [Different species of monkeys show great 
variations in their susceptibility to infection with T. garnbiensc, and 
until recently baboons were thought to be refractory.] Dutton and 
Todd inoculated without success several baboons {Cynocephalits 
sphinx), and we also failed to infect a baboon which was injected 
on several occasions with infective blood from a rat or dog. 
[Thomas and Linton also found the Cynocephalits sphinx refractory ; 
but in later experiments Thomas and Breinl^ successfully inoculated 
four baboons — one Cynoccphalus sphinx and three C. babuin.'\ On the 
other hand, the Macacus is easily infected. Bruce, Nabarro, and 
Greig experimented upon i\/. rhesus and Cercopithccus (black- 
faced variety). All the macaques we inoculated (A/, rhesus, 
M. cynoniolgiis) became infected. In addition to the two species of 
Macacus already mentioned, Brumpt and Wurtz have infected the 
following: Cercopithecus ruber and C. caUitrichus, the marmoset 
{Hapale penuillaitts), Cehus capiicinus. Lemur rubriventcr, and 
L. mongoz, A Cercopithiciis fitliginosus was refractory.*^ Thomas 
and Linton {op. cit.) obtained the following results by the inoculation 
of T. gamhiense derived from various sources into different species of 
monkeys. All the Macacus rhesus and Cercopithecus caUitrichus inocu- 
lated became infected, but the Cynoccphalus sphinx was absolutely 
refractory. A chimpanzee inoculated with a trypanosome from the 
Gambia had a mild infection, and died of broncho- pneumonia seven 
i.|:months after inoculation. 


[A chimpanzee injected subcutaneously by Gray and Tulloch in 
Uganda showed trypanosomes in blood-films on the seventeenth day. 
Four months after injection enlarged glands were felt in the axilla, and 


actively motile trypanosomes were found in the gland juice. The animal 
^died about a month later, probably from the effects of captivity. Trypano- 
somes were not found in the blood during the last two months of life, but 
they were present in the gland juice until one week before death. There 
were no characteristic lesions found in the brain or other organs post- 
mortem.] 

[As already mentioned, Thomas and Breinl succeeded in infecting 
^iJj^oons, but they state that the baboon is certainly the most resistant 


' [Thomas and Breinl, Thompson Yates and Johnston Lab. Reports^ v. 6, 
part ii., 1905, gp. 13-15.] 

* Brumpt and Wurtz, ‘ Experimental Sleeping Sickness,* three notes, Soc. 
March 26, 1904. ^ 
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animal with which they, have experimented. The other species of 
monkeys used by them — Macacus rhesus^ Cercopithccus callUrichus and 
C. nther^ Pithecia satanas {Jew and Sooty monkeys) — were almost equally 
susceptible, the Sooty monkey apparently rather less so than the others.] 

Inoculations into the vertebral canal or brain of monkeys give 
the same results as subcutaneous inoculations. Moreover, the same 
results are produced when the blood of a patient in the first stage of 
trypanosomiasis or the ccrebro-spinal fluid of a patient suffering from 
sleeping sickness is used for inoculation. 

[The average, incubation period in seventeen monkeys {Macacm 
rhesus and Cercopithecus sp.) inoculated with blood or cerebro-spinal 
fluid by the various Uganda Commissioners was eighteen days — 
minimum nine days, maximum forty days. The average duration in 
thirteen of these monkeys was seven and a half months — minimum two 
months, maximum eighteen months. Three of the monkeys survived 
inoculation more than a year. In the monkey (a Macacus) which 
survived the longest (eighteen months) Harvey found the typical 
lesions, meningo-encephalo-myelitis, of chronic sleeping sickness.] 

As a rule, there is no marked febrile reaction when the trypano- 
somes first appear in the blood, but rises of temperature have been 
seen in some cases. 

We may briefly refer to tw^o experiments mentioned in the 
Reports by Bruce, Nabarro, and Greig. A Macacus rhesus inoculated 
subcutaneously on March 23, 1903, with cerebro-spinal fluid from 
a patient who had just died of sleeping sickness,^ died on July 12, 
with trypanosomes in its blood. During the last four weeks- of its 
life the monkey was in a lethargic condition resembling that seen .in 
patients suffering from sleeping sickness. 

A Macacus rhesus was inoculated in the vertebral canal with 1 c.c. 
of cerebro-spinal fluid from a patient with sleeping sickness. Nine- 
teen days later trypanosomes appeared in the blood. The tempera- 
ture was raised on several occasions ; four months after inoculation 
the monkey showed signs of sleeping sickness and died [about 
three weeks later. Post-mortem, there was no ineningo-encephalitis 
or perivascular infiltration. The capillaries of the brain showed 
endothelial proliferation, and there was an increase of glia tissue. 
Marked chromatolysis of the cells of the cord, medulla, and, to a 
less degree, of the cortex was present (Mott). This gliosis of- the 
brain is in all probability the earliest stage of the changes in the 
nervous system found in the human subject.] 

At the Pa.steur Institute we inoculated two Macacus cynoniolgus; 
one died at the end of fifty days, the other recovered from its 

^ [The monkey did not become infected as a result of this inoculation, probably 
because the patient had been dead too long, and the cerebro-spinal fluid contained 
many micrococci. The animal was re-injected with cerebro-spinal fluid on May 11, 
1903, and became infected seventeen days later.] 

^ [This is erroneously given in the original of Laveran and Mesnil’s book as 
ten days. — E d.] 
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trypanosomiasis. Two Macacus rhesus died^in thirty-three and sixty- 
three days. 

The chief symptoms of the infection in these animals were 
wasting,^ anaemia, and, in the last stages, a lowering of temperature 
with drow’siness. Trypanosomes were always scanty, or even very 
scanty, in the blood, except in the last stages of the disease, when 
they were fairly numerous. In one of the monkeys the temperature 
went up from 38’5° C. [i02'2° F.], the normal temperature of 
monkeys, to 40*2 C. [104*4° F-]» when the parasites first appeared in 
the blood, but the temperature remained normal after this initial 
rise. 

During the last days of the illness the temperature falls pro- 
gressively to 37°, 35°, and 33° C. [98*6°, 95°, and 91*4° F*.], and 
sometimes on the day of death the rectal temperature may be as 
low as 28° or 27° C. [82*4° or 8o*6° F.]. With the lowering of tem- 
perature there is a tendency to drowsiness, and the liveliest monkeys 
remain quiet and sleep almost constantly, assuming the ordinary 
attitude of sleep — namely, the sitting posture, with the head bent 
down between the legs- The monkeys inoculated by Thomas and 
Linton with 7 '. gambiense never showed any signs of drowsiness. 
We have already seen that in the other trypanosomiases monkeys 
usually have a subnormal temperature for some time before death. 
In the case of other infections in monkeys this tendency to drowsi- 
ness and lowering of temperature may also be present.*^ When 
these symptoms occur in the very last stage of the disease in monkeys 
inoculated with T. gambiense, they cannot be looked up as char- 
acteristic of this infection; but when the stage of lethargy occurs 
some wceks^ before death, as it did in one of the experiments re- 
corded by Bruce, Nabarro, and Greig, the resemblance to human 
sleeping sickness is marked. 

In the marmoset, the Cebus capiicinus, Lemur rubrivculer, and 
L. mongoz^ the coiu*se of the disease is more rapid than in the 
Macacus, According to l^rumpt and Wurtz, the average duration 
in the marmoset is twelve days, in C. capucinus eight days. The 
disease may end in recovery, but monkeys that have recovered arc 
not always rendered immune (Thomas and Linton, op, cit,). 

[It is perhaps doubtful whether monkeys ever recover from T, gattibicuse 
infection. The trypanosomes may disappear from the blood after the first 
few months and may remain absent for a whole year, as in Harvey’s case. 
This monkey remained apparently well for seventeen months, yet it died 
a month later with typical sleeping sickness symptoms, and a trypanosome 
was found in a blood-film three days before death.] 

[Baboons show the ordinary symptoms of the disease in monkey^i 
— fever, anzemia, and loss of weight — but trypanosomes are usually 

^ One of the monkeys, which wxighed 1,240 grammes at the beginning of the 
experiment, weighed only 805 grammes the day it died. 

^ Brunipt and Wurtz, Soc\ de IUoL\ March 26, 1904. 

3 footnote 2 to p. 383. 
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scanty in the blood. Three Cynocephalus bahuin died in forty-one, 
fifty, and seventy-five days after inoculation. The trypanosome 
obtained from one of these baboons, after being passed through 
a rabbit, was found to be ver^' virulent, and gave rise to a much 
shorter incubation period, and to a more acute disease than the 
ordinary strain of T. gambicnse (Thomas and Breinl, op, ciL, p. 14). 
Microscopically many small haemorrhages were found in the grey 
matter of the brain and spinal cord in two of the baboons.] 

Dogs. — Dogs are easily infected, the parasites appearing in the 
blood at the end of ten to fifteen days, but as a rule they are scanty, 
and the disease takes a slow course. 

[In Uganda we found the incubation period to vary from two to 
five weeks in adult dogs. After being present for some time in the 
blood, the trypanosomes diminished in number, and in some cases 
disappeared, but the animals all died from anaemia due to ankylos- 
tomiasis. Four puppies inoculated by us failed io sJiok* trypanosomes 
in the peripheral blood at any time. Two of them died quickly of 
ankylostomiasis, but the other two lived for three and a half and 
four and a half months respectively, and succumbed to canine piro- 
plasmosis. One puppy had received two injections of infective 
blood, the other four injections of ccrebro-spinal fluid, yet neither 
animal showed trypanosomes in its blood. The blood was neverthe- 
less infective, for on injection into a monkey the latter developed 
trypanosomiasis in fifteen days, as well as piroplasmosis on the 
eleventh day.^J 

According to Bruinpt and Wurtz, the incubation period in the 
dog is seventeen days, and the disease lasts sixty-six days. The 
temperature is subnormal before death. Thomas and Linton state 
that dogs die in five to six weeks. 

[In a later paper Thomas and Breinl {op. cit.) give three weeks to 
nine months as the limits of the duration of the disease in their dogs. A 
hitch inoculated by Dutton and Todd and brought to England recovered 
from tlie infection, and was then found to be immune. Its serum was not 
protective. The offspring of this bitch were quite as susceptible as normal 
animals to the various strains of T. gamhiense. One dog, which lived for 
niore than nine months, had 7,820,000 red corpuscles per cubic millimetre 
of blood on the sixty-ninth day of the disease. Puppies were found to be 
niore susceptible than adult dogs.] t 

False membranes which form in the anterior chamber of the eye 
rnay lead to loss of sight in one or both eyes. In dogs the tempera- 
Inre is raised, as is seen in Fig. 52, which shows the first part of the 
temperature chart of a dog inoculated by us on November 14, 1903, 
''ith blood containing T. gambicnse. From November, 1903, to 
‘ 1904, the dog showed a series of rises of temperature with 

^l>yrexial intervals of eight to ten days. When the blood was 
examined during the pyrexial attacks, die parasites were, as a rule, 

[Nabarro and Greig, Sleeping Sickness Commission Report^ No, 5, p. 36.] 
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scanty, or even very scanty, in the bleed, while in the apyrexial 
intervals the blood examination was usually negative. [This dog was 
still infected five and a half months after inoculation (April 30, 1904), 
but appeared to have recovered at the end of six and a half months. 
Reinoculated a month later, it contracted a fresh infection, which 
lasted only a very short time. A third inoculation was followed by 
a similar result, but the dog succumbed to the fourth injection.^]. 

[In Uganda the dogs at Bugangu, at the north-east end of Lake Albert, 
were found by Gray and Tnlloch - to be naturally infected with T. gam- 
hiense. It is possible, therefore, that dogs may help to spread human 
trypanosomiasis, especially as the parasites are fairly numerous in their 
blood.] 

[Jackal.— A jackal inoculated by us in Uganda became infected 
in eleven days, and trypanosomes were found in its blood for al)oiit 
six weeks. During the next six weeks they could not be found in 



blood-films. The jackal then devoured a monkey infected with 
the Uganda mule trypanosome (see p. 208). Thirty-six hours later 
this trypanosome was found in its blood, and the jackal died a fort- 
night afterwards.] 

Cats. —Cats react in almost the same way as dogs (Thomas and 
Linton). 

[Nabarro and Greig inoculated a cat on September 23, 1903, with 
10 c.c. of blood from a case of early trypanosomiasis. As the cat had not 
become infected, it was reinjected on November rr, 1903, with 8 c.c. ol 
blood. Trypanosomes first appeared in its blood sixty-nine days after fijo 
second inoculation, and were present irregularly until May 10, 1904. ^^ter 
that date the blood examination was always negative until the animal 
died — from the effects of traumatism —on September 3. \ kitten in- 
oculated by Greig and Gray on two occasions showed trypanosomes 
in its Wood fourteen days after the second injection, and was still alive 
and well nearly four months after inoculation.] 

[Thomas and Breinl give the duration of the disease in cats as three to 
ten weeks, but exceptionally it may be considerably longer — up to six aiai 
a quarter months. Kittens died in from three to seven weeks. Anaemia 
and fever were present in most cases.] 

1 [Information kindly furnished by the authors.] ^ 

- [Gray and Tulloch, Sleepint^ ^Sickness Commission Report^ No. 8, 1907, p* tJ-l i 
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Guinea-pigs. — T. gambiejtse gives rise to a very chronic infection 
in guinea-pigs (Dutton and Todd). Brumpt and Wurtz {op. cit.) 
state that they never succeeded in finding trypanosomes in the blood 
of inoculated guinea-pigs. On the other hand, we have found a fair 
number of trypanosomes in the blood in the later stages of the 
infection in nearly all the guinea-pigs inoculated by us with T. gaiH- 
biensc. Guinea-pigs inoculated on December ii, 1903, were still 
alive on May 30, 1904, and showed no signs of disease, although the 
parasites were fairly numerous in the blood. [They died, however, 
during the following month. About half the guinea-pigs inoculated 
by Thomas and Linton remained uninfected, and, according to these 
observers, the disease may terminate either by death or by recover3^ 

[In Uganda we found that our guinea-pigs were very resistant to 
injections of blood or cerebro-spinal Iluid containing 7 '. ffcimbicnsc. One 
guinea-pig was injected with cerebro-spinal Iluid on May 5, 1903, 
September i, 1903, and August 18, 1904 (5 c.c., 2 c.c., and 3 c.c. 
respectively), and trypanosomes were first observed in its blood on 
October 4, 1904- -forty-seven days after the third injection. Another 
animal received three injections of blood— on May 1, 1903, September 21, 
1903, and June 23, 1904. Trypanosomes were first found in its blood on 
August 2, forty days after the last injection.] 

fin a recent investigation upon the relative virulence of three strains 
of T, gamhiense (from Gambia, Uganda, and Ubangi), l.^avcran- found that 
all his guinea-pigs injected intraperitoneally became infected and died. 
The average duration was 100 days. Trypanosomes were present irregu- 
larly, and were usually numerous near the time of death. The spleen was 
found enlarged, and had ruptured in some cases. Thomas and Hreinl 
also found the spleen acutely swollen and ruptured in four of their 
guinea-pigs.] 

Rauhits. — In rabbits the disease runs a chronic course, as in 
guinea-pigs, and the trj'panosomes are scanty in the blood. Brumpt 
and Wurtz have observed {op. cit.) lesions resembling those seen in 
rabbits inoculated with dourine. In one of the rabbits inoculated 
l)y us the head became swollen and altered in appearance, and there 
was double blcpharo- conjunctivitis with discharge of muco-pus. 
Thomas and Linton also noted these symptoms, which appear to be 
common to the different trypanosomiases in the rabbit. [The average 
duration of the disease was 50 to 128 days in Thomas and l^reinrs 
experiments, but animals suffering from a mild chronic infection 
lived as long as 150 and 273 days.) 

White Rats. — White rats are easily infected, but less con- 
stantly than with T. brucci, T. evunsi, and T. eijuinum. Intrapcri- 
toneal inoculations are more successful in rats (as they arc also in 
guinea-pigs and rabbits) than subcutaneous inoculations. One of 
our rats was not infected by a subcutaneous inoculation, but became 
infected after inoculation into the peritoneum. Even intraperitoneal 

^ [Information furnished by the authors.] • 

“ [Laveran, C\ A*. Acad. Sciemrsy v. 142, 1906, p. 1065 ; abstract by Mesnil in 
Bull. Inst. Past.y V. 4, 1906, p. 585.] • 
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inoculations do not always succeed in rats? Trypanosomes appear 
in the blood on an average fifteen days after inoculation (minimum 
six days, maximum thirty- six days). During the earlier stages of 
the disease the parasites are very scanty and do not multiply progres- 
sively, but in the later stages they are always numerous in the blood. 
Rats suffering from any skin affection were found less resistant than 
normal rats. The average duration of the disease was three months, 
but in animals treated with arsenious acid the disease lasted a longer 
time, one rat living for 208 days after inoculation. 

T. gambiense does not always produce such a serious infection in 
the rat, but sometimes there is a very mild infection, the parasites 
occurring in the blood only for a few days and then disappearing. 
Some of the rats which contract this abortive form of the disease arc 
immuniifed by it; others become reinfected on reinoculation with 
T. gambiensey and they may then suffer from a severe form of the 
disease. Thomas and Linton state that rats which have recovered 
are by no means always immune. 

[Laveran, in the investigation already referred to, found that the 
majority of the rats inoculated intraperitoneally became infected, some, 
however, only after the second or third injection ; a few resisted even 
three injections. The average duration of the disease was sixty-two, 
seventy- seven, and eighty-one days with the Gambia, Uganda, and 
Ubangi trypanosomes respectively. Rats infected with the Gambia strain 
all died ; in the case of the other two strains there were some spontaneous 
cures. Only one of the rats — inoculated with the Ubangi virus — had 
paresis. Young rats were usually more susceptible than adults,] 

[In Uganda, Bruce and Nabarro found the incubation period in grey 
wild vats to be eleven days.] 

It is seen, therefore, that this trypanosomiasis runs a much longer 
and more irregular course in rats than do the other trypanosomiases 
w'hich we have already studied. 

Mice. — In mice the infection is milder than in rats. Trypano- 
somes appear in the blood about the seventh day after intraperitoneal 
inoculation, but, as a rule, only in very small numbers, and they 
very rapidly disappear. Mice which survive the infection are im- 
mune, and they may be reinoculated with large doses of infective 
blood without causing a reappearance of the trypanosomes in their 
blood. 

Under certain conditions at present not well understood, T. gam^ 
biense may acquire a greater virulence for mice.^ Of ten mice 
inoculated by us only two became infected. [The infection was 
moderately severe, but the mice did not appear ill, yet they suc- 
cumbed to the disease, and post-mortem the spleen was found 
enlarged.-] Thomas and Linton obtained variable results with mice, 
according to the source of the particular straiti of T. gambiense used 
for inoculation. 

^ See especially Brumpt and Wurtz, Soc, de Biol.y March 26, 1904, p. 567. 

[Information kindly furnished hy the authors.] 
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[With the three stoins of trypanosomes already mentioned, 
Laveran found mice more resistant than rats. A considerable per- 
centage of the animals did not become infected at all — two out of 
eleven with the Gambia strain, six out of eight with the Ubangi 
strain. Many of the infected mice recovered — three out of the nine 
which were susceptible to the Gambia virus, and two out of four 
infected with the Uganda virus. The disease was sometimes very 
chronic, lasting as long as a year.] 

[Jerboa. — A jerboa inoculated by Laveran^ with the Gambian 
trypanosome developed a fairly severe infection, and died in forty- 
nine days. It was thus more susceptible than the rat to the same 
virus.] 

Marmot. — Parasites appeared in the blood seven days after inocu- 
lation, and the disease lasted twenty-nine days. Death occurred 
after a subnormal temperature and drowsiness. 

IlEDCiEHOG. — A hedgehog died with a subnormal temperature 
forty-one days after inoculation.- 

Goats. — According to Dutton and Todd, and Thomas and 
Linton, T. ^timhicnsc is pathogenic for the goat, but the infection 
produced is a mild one and practically without symptoms. A nanny 
goat and a billy goat inoculated by us subcutaneously became infected. 
They had no rises of temperature, but the nanny goat showed very few 
parasites in the blood on several occasions, whereas in the billy goat 
parasites could never be found in blood-lilms, and it was neces- 
.sary to inject a rat to show that the blood was infective. The blood 
of the nanny goat was still virulent in doses of 2^- c.c. four months 
after inoculation. [Both goats had recovered from their infection 
about five months after inoculation.'*] 

[ A native Uganda goat was inoculated on five occasions between 
May II, 1903, and August 18, 1904, with infective blood or cerebro- 
spinal Iluid, before trypanosomes could be found in the peripheral 
circulation — thirteen days after the last injection.] 

[Thomas and Breinl’s goats inoculated with various strains of 
T, ij[cimlncnsc all died. The animal inoculated with the Uganda 
virus died in fifty-eight days. The symptoms were: fever, anarinia, 
and loss of weight. Parasites were fairly constantly present in small 
numbers.] 

Sheep.— Two sheep and a lamb inoculated by us became in- 
fected. In one of the sheep there were two slight rises of tempera- 
ture [104*6° and 104° F.] at the commencement of the disease, but 
the other sheep had no fever. In one case trypanosomes could be 
detected in very small numbers by the microscope, but in the other 
two cases (the lamb and one sheep)’ it was necessary to inoculate 
rats in order to show the presence of the infection. The blood of 

1 [Laveran, C. A\ Soc, /W.,»v. 59, 1905, p. 250.J 

- Brumpt and VVurtz, ibiti., loc. at. 

^ [Information furnished by the authors.] 
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one of the sheep was no longer virulent foair months after inocula- 
tion ; this animal, therefore, recovered from its trypanosomiasis. 

[Thomas and Breinl had a similar case of recovery in a sheep which 
became infected ten days after inoculation and remained infected for five 
months.] 

[A native Uganda sheep received eight injections of ccrebro-spinal 
fluid (62 c.c. in all) between May 11, 1903, and August 18, 1904, yet the 
weekly blood examinations never revealed the presence of trypanosomes 
in the peripheral circulation. Another sheep inoculated on two occtisions 
with infective blood likewise failed to become infected.] 

Pig. — A pig three or four months old inoculated on several 
occasions ‘ never show'ed any parasites,’ say Brumpt and Wurtz. It 
is important to know if the blood of this pig was inoculated into rats, 
or whether a simple microscopical examination was made, for the 
latter alone is not sufficient. 

Hokses. — In the horse T. ^ambiensc produces a chronic infection. 
The horse inoculated by Dutton and Todd on February 14, 1903, 
was still alive on September 28, 1905 (Thomas and Breinl). One 
month after inoculation trypanosomes appeared in the blood, but 
were alw'ays present only in very small numbers. In August, 1903, the 
microscopical examination of the blood was negative, yet the blood 
\vas still virulent for rats ; in October, however, this was no longer 
the case. The horse showed several symptoms, such as rises of 
temperature, wasting, and dejection after inoculation, but improved 
soon after its arrival in England. [On September 28, 1905, the 
temperature still showed occasional rises to too® or loi® F. ; the 
horse was in good condition, however, and had increased in weight. 
Trypanosomes were never seen in the blood, nor was the latter 
infective for rats in doses of i to 2 c.c. (Thomas and Breinl)]. 

A horse inoculated at Alfort by Vallee^ became infected, and 
showed slight oedema of the genital organs and limbs, [It succumbed 
to the infection on September 4, 1904.-J 

In Gambia horses are sometimes naturally infected with trypano- 
somes. The question suggested itself to Dutton and Todd whether 
this trypanosome of the horse in Gambia was not the same as the 
parasite found in man. This question has now been answered, for 
it has been shown that they are two distinct species. We have 
already described this trypanosome, T. dimorphon^ and we need not 
here repeat the morphological and other characteristics which enable 
us to distinguish it from 1\ gambiense. 

In the donkey T. gambiense produces a mild infection (Thomas 
and Linton). 

[Trypanosomes are always scanty in the blood, and the animals 
present few signs of ill-health. There may be slight anemia, fever, 
loss of weight, and glandular enlargement. The blood was found to 

1 

^ ' Letter from Dr. Vallde, dated May 8, 1904. 

^ [Information furnished by the authors.] 
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be still infective for rats, eighteen months after injection (Thomas 
and Brcinl).] 

[Three donkeys were injected in Uganda with blood or cerebro-spinal 
iliiid containing 7 . but trypanosomes could never be found in 

their blood. The donkeys remained well until they were injt3Cted with 
the various ‘ animal ’ trypanosomes found in Uganda, to which they all 
succumbed.] 

Cattle. — According to Bruce, Nabarro, and Greig, cattle are 
refractory. [Two oxen inoculated, the one on six occasions with 
cerebro-spinal fluid, the other on three occasions with blood con- 
taining T. gambicme, failed to show the parasite on microscopical 
examination. It appears to follow from Bruce, Nabarro, and Greig’s 
observations in Uganda, that the native cattle, sheep, and goats are 
very resistant to 7 . gambieme^ much more so than the European 
species of these animals.] 

[In Chapter VI. an account was given of the various trypano- 
somiases that were found to occur naturally in Uganda cattle. 
None of these trypanosomes appears to be identical with the human 
species.] 

At our request, Vallee inoculated a cow with the blood of a rat 
heavily infected with T. gambiaise. The cow became infected, but 
there was no febrile reaction, nor were trypanosomes seen on micro- 
scopical examination of the blood. The cow’s blood inoculated into 
rats proved infective. Thomas and Linton also succeeded in infect- 
ing an ox. 

[A cow inoculated by Thomas and Breinl had a rise of temperature on 
the eighth day to 103*6° F. No parasites were visible in blood- films, but 
a rat inoculated with the blood became infected. Trypanosomes were 
hrst found in the cow’s blood on the nineteenth day after inoculation. At 
the outset the cow lost weight and w*as out of condition, Init it soon 
regained its normal appearance. More than a year later the blood was 
still infective for rats, though only in larger quantities than at first.] 

[Tlie milk of this cow' was peculiar: about two months after infection 
it was noticed to be watery, and was found to be very poor in fat. Dogs, 
cats, and human beings fed on the milk, even after it had been sterilized, 
developed diarrhcca. The milk was proved to be free from pyogenic 
bacteria and trypanosomes.] 


Section 6.— Pathologrical Anatomy. 

Long ago the existence of meningeal lesions and an increase 
of cerebro-spinal fluid had been noted in patients who had died of 
sleeping sickness. 

In 1840 Clarke recorded the presence of cerebro-spinal meningitis 
at five autopsies. In 1861 Dangaix found injection of the meninges 
and an increase in the cerebro-spinal fluid at a post-mortem on a 
patient in Gaboon. Griffon du Bellay, in 1863, noted injection of 
the meninges and brain in negroes viho had died of sleeping sick- 
ness in Gaboon. Similarly, a patient who died in Guadeloupe had 
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inflammation of the meninges and increq^e of the cerebrb-spinal 
fluid (Gaigneron and Lherminier).^ Guerin, in Martinique (1869), 
observed that meningeal congestion and great increase of the cerebro- 
spinal fluid were the lesions most constantly found in sleeping sickness. 
Nielly, summarizing our knowledge of the pathological anatomy of 
sleeping sickness in 1880, writes : ‘ Meningeal lesions predominate, 
but they are not invariably present/ 

Recent researches carried out with the aid of more perfect 
methods than were at the disposal of previous observers have shown 
that the meningeal lesions are always present, and have enabled us 
to make out that, even in cases where there are no macroscopic 
lesions, the inflammatory changes typical of cerebro- spinal meningitis 
are seen on microscopical examination. The injection and inflamma- 
tion of the meninges vary very much in intensity. Sometimes the 
meningitis is well marked, the membranes being injected and 
thickened, adherent to the brain, which is torn when they are 
removed, and showing much perivascular exudation. Sometimes 
there is only slight hyperitmia on macroscopic examination. The 
subarachnoid fluid is usually increased in the skull as well as in the 
spinal canal. It is usually clear, but sometimes cloudy or even 
purulent, especially in the sulci of the brain and along the blood- 
vessels. In the centrifuged cerebro-spinal fluid a large number of 
mononuclear leucocytes and a variable number of trypanosomes are 
found, but the latter are usually scanty.*^ 

[The increase in amount and the turbidity of tlie subarachnoid fluid 
give to the typical sleeping sickness brain rather a characteristic appear- 
ance, The convolutions are somewhat flattened, and the sulci are filled 
with a turbid exudate having a ‘ ground-glass ’ appearance. The vessels 
of the meninges are usually injected. A well-marked meningitis — and 
especially a purulent meningitis — is to be regarded as a complication, due to 
a terminal infection with pyogenic micro-organisms (such as pneumococci, 
diplo-streptococci), rather than as a typical sleeping sickness lesion.] 

On cutting into the brain the only morbid conditions present as 
£i rule are excess of fluid and dilatation of the lateral ventricles. 
The presence of meningo-cncephalitis and meningo-myelitis is shown 
under the microscope by an infiltration with mononuclear leucocytes 
over the whole convex surface of the brain, in the sulci, and along 
the vessels. Often the exudation is so marked that the vessels come 
to lie in grooves on the surface of the brain, pons, bulb, and spinal 
cord. The histological changes have been well described by Mott.^ 

* Dutroulau, ‘Traild dcs Maladies des Pluropeens dans les Pays chauds,* 
second edition, Paris, 1868, j). 160. 

As Bruce, Nabarro, and Grcig state in their report, to which frequent reference 
has been made in this chapter, the scarcity of trypanosomes in the cerebro-spinal 
fluid is no argument against the patliogenic action of these parasites. In certain 
animal species the trypanosomes of nagana are always scanty in the blood, and one 
might also mention the case of dourine, in which the trypanosomes are equally 
scanty in spite of the gravity of the infection. 

“ Manson, ‘Tropical Diseases,’ third edition, 1903, p. 340 ; [also Trans, of the 
Paih.:SoL\^ w.'^i^ part ii., 1900]. 
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[During the last few }'ears the minute anatomy of the central 
nervous system and other organs of sleeping sickness patients has 
been carefully studied by Mott/ Low, Breinl,- and others.* It is 
especially to Mott that we are indebted for our present knowledge of 
the extensive microscopic changes which are found in sleeping 
sickness.] 

[The lymphatic gland enlargement, which is considerable in all 
early cases of trypanosomiasis, is almost certainly induced by the 
trypanosomes, for in the early stages of the disease the glands are 
practically always sterile as regards bacteria. The change in the 
glands is inflammatory in nature, and terminates in fibrosis. Try- 
panosomes are always very scanty in sections of glands and other 
tissues, so that the chronic irritation which they set up in the 
lymphatic glands generally, and later in the lymphatics of the brain 
and spinal cord, is probably not due to their mere mechanical presence, 
but to a chemical toxin. There is, however, very little, if any, further 
evidence at present to hand of the existence of such a toxin.] 

[The trypanosomes probably infect the lymphatic glands and the 
cerebro-spinal fluid by escaping from ruptured capillaries, but it is 
possible that in certain instances they may, by their ‘ boring ’ move- 
ment, force their way through the walls of minute vessels into the 
perivascular spaces.] 

[The posterior spinal ganglia always show chronic inflammatory 
changes, which may be due to the absorption of toxins from the 
neighbouring infected paravertebral glands (Mott).] 

[We have seen that the cervical glands are enlarged in practicall)^ 
all cases of trypanosomiasis and skeping sickness, and, according to 
Mott, the most chronic change is found about the base of the brain. 
He argues from this that probably ‘the chronic inflammation of the 
lymphatics spreads along the nerves, spinal ganglia, and roots to the 
central nervous system, and especially along the lymphatics of the 
nerves and vessels entering the base of the skull.’] 

[The changes observed by Mott in the lymphatic glands in early 
trypanosomiasis and in sleeping sickness were as follows: Increased 
vascularity and lymphocytes in all stages up to the formation of 

^ [F. W. Mult, ‘ The Cerebro-spinal Fluid in Relation lo Disease of the Nervous 
System,’ y>V/7. Meti. Journ,^ J^oceinber lo, 1904, p]). 1 559, 1560 ; ‘'Flic l*ust-m(jrteiii 
Findings in a Kuropean Case of Sleeping Sickness.* Low and Molt, Hrif. MeiL 
Journ,^ April 30, 1904, p. 1000 ; * Observations un tlie brains of Men and .\nimals 
infected with Various Forms of 'rrypanosomes/ Proc. Roy. Soc.^ Ser. B, v. 76, 
1905* pp. 235-242 ; ibid., v. 78, upb'; Pril. Med. Journ., December 22, 1906, pp. 
1772-1777 ; and especially Report of the Slccpit\^ Sickness Commission oj the Royal 
Society, No. 7, i9of\] 

2 [A. Breinl, Proc. Roy. Soc., Ser. H, v. 77, I90^>, I>P- 233-236 ; Thompson Yates 
and Johnston Lab. Rep., v. 6, part ii., 1905, pp. 66-92.] 

[Warrington, Brit. Med. fount., 1902, No. 2, p. 929 ; Bettencourt and co- 
v orkers, ‘ La Maladie du Somrneil,’ Lisbon, 1903 ; Sicard and Moutier, La Presse 
WdW., December, 1905 ; Kopke, ‘ Investigaeses sobre a Doenca Sonino,* Arch, de 
Jlyg. e Path, exot., v. i, fasc. i ; Mole, ‘The Lesions in the Lymphatic Glands in 
Human Trypanosomiasis,’ Liverpool School Tropical Med,, Mem. 21, iQof), pp. 
69.83.] 
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large plasma cells of Marscholko, and large^numbers of degenerated 
swollen plasma cells, like those seen occasionally in the perivascular 
lymph spaces of the brain in sleeping sickness. Proliferated endo- 
thelial cells, some of which had taken on a phagocytic function, and 
had engulfed lymphocytes and chromatin particles, were also seen. 
There was also hyperplasia of the trabeculae and walls of the lymph 
sinuses and vessels, leading eventually to fibrosis of the whole gland. | 
[In sleeping sickness the majority of the glands removed after 
death, and a certain proportion of those removed during life, showed 



Fig. 53.— Changes seen in the 13rain in Sleeping Sickness. 

Three large glia cells (g), their branches ending in a network around and upon a small 
vessel ; lymphocytes (/) and plasma cells (/>) are seen scattered about. Mag. 500 
(From Mott.) 

points of suppuration in their interior due to an infection with diplo- 
strcptococci, whereas the glands removed during life from natives in 
the early stages of trypanosomiasis were free from micrococci.] 

[The changes in the nervous system are thus summarized by 
Mott : ‘ The chronic inflammatory change of the nervous system is 
manifested by a proliferation and overgrowth of the neuroglia cells, 
especially of those which are related to the subarachnoid space and 
perivascular lymph spaces, with accumulation of lymphocytes in the 
mes^ork (see Figs. 53 and 55). In chronic cases plasma cells of 
Maifcholko, similar to those in the lymphatic glands, may be found. 
Various other cells are met with in less numbers, some being the 
result of degenerative changes and others of endothelial origin, 



HUMAN TRYPANOSOMIASIS 


395 


and possessing a phagocytic activity (see Figs. 53 and 54). The 
characteristic morbid change affects the soft membranes and the 
vessels.*] 

[There is a chronic leptomeningitis of the whole of the central 
nervous system, most marked where the cerebro-spinal fluid is most 
abundant. The subpial and septal neuroglia cells are increased in 
size and number, and their processes are also increased in number 
and thickness. The irritative processes which give rise to this over- 
growth of glia tissue also produce proliferation of the endothelial 
cell nuclei and an infiltration of the pia arachnoid with lymphocytes, 
which may become transformed into plasma cells.] 



FiCxS. 54 AND 55.— Changes seen in the Ukain in Sleeimng Sickness. 

t' iS- 54- “Small vessel, showing endothelial nuclei proliferated, and three plasma cells. 
Fig. 55. — Active proliferating young glia cells found in great numbers in sleeping 
sickness tissues. The pale nucleus, with distinct nuclear membrane, contains 
chromatin granules, with an arrangement indicating mitosis. Surrounding the 
nucleus is the cytoplasm, staining pink with eosin, with a tendency to form star- 
like processes. Mag. 500. (From Mott.) 

[The anatomical lesion distinguishing this disease from all other 
chronic nervous affections (Mott) is ‘the universal perivascular cell- 
infiltration of the central nervous system ’ (sec Fig. 56). This infiltration 
is most marked, and appears earliest in regions where the cerebro-spinal 
fluid is most abundant — namely, medulla, pons, cerebellum, and at the 
base of the brain. It does not consist entirely of lymphocytes, as 
was formerly supposed, but, as has been shown by Eisath’s differential 
method of staining,^ of lymphocytes, proliferated nuclei of the glia 
cells, and endothelial nuclei in varying proportions, all entangled in 
a. meshwork of greatly proliferated and enlarged glia cells.] 

[Some degree of perivascular neuroglia proliferation was found in 
two cases of experimental sleeping sickness in monkeys where there 

^ [G. Eisath, Monatschrift fur Psychi^itrie u, Ncurologie^ v. 20.] 
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was no obvious lymphocyte infiltration abound the vessels, Mott 
regards this neuroglia proliferation as being probably the first stage 
of the changes seen in the nervous system in human sleeping 
sickness.] 

[When the trypanosomes get into the cerebro-spinal fluid they 
themselves — or possibly a toxin which they elaborate — slowly give 
rise to chronic inflammatory changes in the lymphatics of the 
nervous system. This inflammation, together with the perivascular 
cell-infiltration, gradually interferes with the circulation of the lymph 
and cerebro-spinal fluid, and sets up increased intracranial pressure.* 
This increased pressure ‘ interferes with the circulation of the blood 
in the small vessels, and the characteristic symptoms of the disease 











Fig. 56. — Section ok a Vesskl in a very Chronic ('ask of Scekping Sickness, 
SHOWING Marked Perivascular Infiltration. 

IMag. 250. (rrom Mott.) 


— viz., lethargy, tremors, and muscular weakness — may be explained 
by the functional depression of the nerve cells from a delicieiil 
nutrition and interference with oxidation processes, brought about 
by mechanical and biochemical interferences with the activities of 
the nerve cells, and not by neural destruction. This is shown by 
the patients retaining comprehension of their surroundings, and by 
their intelligent response to questions when arouscid from their 
lethargy — a totally different picture to general paralysis (also a 
ineningo-encephalitis), in which there is a profound parenchymatous 
change, wliereas sleeping sickness is a primary interstitial process, 
although later on in the disease, especially when it is chronic and of 

^ [The intracraiiinl pressure cannot be much increased— for optic neuritis is 
never seen in sleeping .sickness patients — nor docs the increased pressure in the 
subdural space of itself give rise to the symptoms of the disease, for 1 have 
obtained as much .is 50 c.c. of cerebro-spinal fluid without producing any ameliora- 
tion in the patient's condition. The«anjiemia of the brain is x^robably due to the 
pressure of the perivascular cell-infiltration, and, to some extent, to the endothelial 
proliferation. — E d.J , 
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long standing, marked chjjomolytic cell changes and a certain amount 
of destructive degeneration of the neurons occur’ (Mott).] 

[Other parts of the nervous system show the effects of the chronic 
irritation, (i) In chronic cases the central canal of the spinal cord 
is filled up owing to a proliferation of the cells of the ependyma. 
(2) The spinal nerve roots and the posterior spinal ganglia show 
more or less marked inflammatory changes in all cases. There is 
marked perivascular infiltration, and the capsules of the cells and 
the lymphatic sheaths of the nerves are at times crammed with 
lymphocytes. (3) Sections of the spinal cord may show septal glia 
proliferation, these changes in the spinal cord and ganglia being 
similar to, but less intense than, those found and described by Mott 
in dourine.]' 

[As with other trypanosomiases, capillary hccmorrhages may 
occur in the central nervous system.] 

[On the whole, Mott thinks that the changes found in the nervous 
system in sleeping sickness very closely resemble those found in 
syphilis, except that the proliferative endarteritis leading to throm- 
bosis, so common in the latter disease, is absent in the former.] 

[The other tissues — e.g., the heart, pericardium, liver, alimentary 
canal, and testicles — show, though usually in far less degree, an infil- 
tration and accumulation of lymphocytes in the lymphatics, suggesting 
a defensive reaction (Mott). Trypanosomes, even when numerous in 
the blood or in swears of tissues, such as the lymphatic glands during 
life, are nearly always very scanty in sections of organs and tissues. 
This may be due to the fact that the parasites undergo morphological 
changes which are not easily recognisable in sections, or to the fact that 
the terminal microbic infection, which so often carries off sleeping 
sickness patients, leads to a rapid destruction of the trypanosomes.] 
In addition to the cerebro-spinal lesions, enlargement of the 
spleen, liver, and lymphatic glands is frequently seen in patients 
who have died of sleeping sickness. As trypanosomiasis is often 
complicated by malaria, it is diflicult to say what share each of these 
diseases has in the splenic enlargement and congestion of the liver. 
The marked pigmentation of the viscera seen in many cases shows 
that malaria often plays an important part. 

[The enlarged glands in sleeping sickness, as well as in animals 
infected with T . gambiense^ may sometimes be haMiiorrhagic (Dutton.^ Todd 
and Christy, Thomas and Breinl). Greig and Gray describe small 
superficial ulcers in the stomach, resulting from necrosis of the mucous 
membrane into which petechial haimorrhages had occurred. These 
ulcers are not always present, for I failed to find them in the stomach of 
a European who recently died of chronic sleeping sickness at University 
College Hospital.] 

^ [The above account has been taken largely, and in some parts almost 
verbatim, from the interesting paper in the Reports of the Sleeping Sickness 
C(>mmission of the Royal Society ^ No. 7, ‘ Histological Observations in Sleeping 
Sickness and other Trypanosome Infections,’ by Dr. Mott.] 
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Death often occurs as the result of puliyionary complications, and 
at the autopsy signs of congestion or oedema of the lungs or of broncho^ 
pneumonia are frequently found. The heart is usually pale and 
flabby ; the kidneys are normal. The intestines are often congested, 
and in Uganda they nearly always harbour the Ankylodoma duodenaU 
and Ascaris Uimbricoidesi. In addition one often finds Bilharzui 
lia:matohia, Tnchoccphalns dispar ^ and sometimes, in the mesentery, 
adult forms of Filaria perstam (Low and Castellani). 

In animals dying after experimental inoculation the spleen is as 
a rule greatly enlarged. This is most marked in rats ; thus, in a rat 
weighing 175 grammes the spleen weighed 10 grammes, the average 
weight in a normal rat being 4 to 5 grammes. In a monkey weigh- 
ing 805 grammes the spleen weighed 8 grammes, and in another 
monkey of 1,297 grammes it weighed 19 grammes. In a rabbit 
weighing 3,070 grammes the spleen weighed 13 grammes. 

Thomas and Linton never found trypanosomes in the cerebro- 
spinal fluid of animals inoculated with T. gambiensc, not even 
monkeys. 

[Greig and Gray, however, on several occasions found trypano- 
somes in the cerebro-spinal fluid of monkeys, obtained during life by 
lumbar puncture and after death.] 

Section 7.— The Pathog-enic Agent. 

As a rule the trypanosomes are scanty, or very scanty, in the 
blood of man, and the examination of the blood, made in the 
ordinary way, is not sufficient to show the presence of the parasite. 
Dutton and Todd have counted as many as twenty-three trypano- 
somes in a blood-lilm, but this is quite exceptional. 

Bruce and Nabarro recommend the following method of ex- 
amining the blood when the ordinary method fails to show the 
parasites. Ten c.c. of blood arc taken from a vein into a tube contain- 
ing a little citrate of potash solution, and centrifuged for ten minutes. 
At the end of that time the supernatant plasma [together with some 
of the middle layer (which contains the leucocytes and most of the 
trypanosomes) and a little of the red corpuscle layer] is pipetted off 
and centrifuged again for ten minutes. The supernatant liquid is 
again pipetted off and centrifuged for ten minutes, and the process 
repeated once again if necessary. [A drop of the deposit obtained 
on pipetting off or pouring away the supernatant liquid should be 
examined as an ordinary moist film with a magnification of 200 or 
300 diameters, for some minutes after each centrifuging, because when 
the parasites are more numerous in the blood than usual, they may 
thus be discovered after one, two, or possibly three centrifugings. 
If not discovered previously, actively motile trypanosomes arc 
practically always found in tire sediment obtained after the fourth 
centrifuging.] 
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[Dutton and Todd^ cgntrifuged small quantities of citrated blood 
in a capillary pipette and examined the leucocyte layer under the 
microscope. Possibly the smaller percentage of positive results 
obtained by these investigators, as compared with those obtained by 
IIS in Uganda, was due to the fact that they used much smaller 
volumes of blood than we did.] 

The Cekehro-spinal Fi-Uid. — I n order to find the try|)anosomcs 
in the cerebro-spinal fluid during life, lumbar puncture must be 
resorted to. Ten or 15 c.c. of this fluid are obtained and centrifuged 
for fifteen to twenty minutes. All the supernatant liquid is then 
poured away, and a platinum loopful of the deposit examined fresh 
with a magnification of about 200 diameters." 

In practising lumbar puncture,-^ it is advisable to attend to the 
following details which we have taken from the excellent work of Tiiflier 
on ‘ L’ Analgesic chirurgicale par voie rachidieniie,’ Paris, 1901. 

Use a platinum -iridium needle (which can be sterilized easily), 
8 centi-metres [about 3^ inches] long, fitted to a hypodermic syringe. 
The external diameter of the needle should be 1 millimetre, and the 
internal diameter 0*6 millimetre; the point should be bevelled off very 
little. 

It is unnecessary to use a local anicsthetic. The patient should sit up 
with the arms held out in front. The lumbar region is thoroughly washed 
and rendered aseptic. The iliac crests are used as a guide, the transverse 
line joining their highest points crossing the spine at the level of the 
fourth lumbar vertelira (spinous process). 

The left index-finger being placed on this spinous process, the patient 
is told to bend the head well forward. This serves to separate the 
laminaL* of the vertebrfC between which the needle has to pass. At the 
moment of inserting the needle the patient must be warned that he is 
going to be pricked, and that he must remain perfectly still and on no 
account straighten the liack by sitting upright. The needle of the 
syringe, properly sterilized, is introduced at a point i centimetre [about 
A- an inch] from the middle line close up against the edge of the index- 
flnger, which is kept on the spinous process. The point of the needle is 
directed slightly towards the middle line and upwards, and when it enters 
the subdural space it is distinctly felt that tliere is no longer any 
resistance. A clear licjuid immediately wells up in the needle and can be 
collected in a tube, or a syringe can be fitted to the needle. 

[In sleeping sickness, when the pressure in the spinal canal is often 
much increased, the cerebro-spinal fluid may rush out in a steady stream 
directly the needle enters the subdural space, so that as much as 50 c.c. 
may be collected in less than a minute. Sometimes the fluid refuses to 
flow at first ; this may be duo to a fragment of skin or other tissue 
blocking the end of the needle. Slight aspiration with the syringe will 
overcome the difficulty in such cases, and on removing the syringe from 
the needle, the fluid flows out as usual. It is not safe to draw ofl a large 
quantity of cerebro-spinal fluid by forcible aspiration with the syringe, as 
damage may thereby be done to the bloodvessels of the spinal cord. j 

^ [Dutton and Todd, Thompson Yates and Johnston Lab. Reports^ v, 6, ])ait ii., 
*905* PP- 97-101.] 

[A vinch (16 millimetres) objective with a T 3 or iS compensating eye-jiiece 
(Zeiss), (ir a /.-inch (2 millimetres) objective with a 3 or 4 eye piece, shows the 
parasites quite well.] 

^ [In the original this description of the method of performing lumbar puncture 
occurs as a footnote in a later part of the chgpter.] 
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[Christy recommends local anaesthesia, produced by injecting cocaine 
both subcutaneously and deep into the muscles over the spot to be 
punctured. The patient is placed on his right side.] 

f in Uganda we found it more satisfactory to use chloroform and to 
brm the operation with the patient lying on his side, the back brought 
right up to the edge of the bed or table, and the thighs and body in a 
position of extreme flexion. By anaesthetizing the patient there is no 
danger of a sensitive individual suddenly jerking backwards at the critical 
moment — as I saw happen on several occasions when the operation was 
performed without an anaesthetic — and possibly breaking the needle in his 
back, which I once witnessed.] 

[The subsequent steps in the process were carried out as already 
described, and our patients usually got up and walked away ten or fifteen 
minutes after the operation, none the worse for the an;jesthetic or the 
puncture.] 

The trypanosomes are never very numerous, [and sometimes 
it is necessary to examine several drops of the deposit before one 
trypanosome is found ; but occasionallj’^ they are comparatively 
numerous, and one or two parasites may be seen in each field of the 
microscope. In rare cases the trypanosomes have been so numerous 
in the cerebro-spinal fluid as to be seen in films of the imceiitrifu^cd 
fluid. On the other hand, we met with a few cases of undoubted 
sleeping sickness in Uganda, and similar cases have been described 
by other observers, in which the trypanosome was not found in the 
cerebro - spinal fluid until after two, three, or even four lumbar 
punctures. I think, therefore, that trypanosomes are present in 
the cerebro-spinal fluid of every case of sleeping sickness. The fact 
stated above that the trypanosomes are occasionally absent at 
a particular examination is possibly due to a certain periodicity^ 
which they may exhibit in the cercbro-spinal fluid as w'ell as in 
the blood]. 

The cerebro-spinal fluid is rarely as limpid as normal, but is 
usually very pale yellow in colour, or slightly turbid from the presence 
of a variable number of red blood corpuscles or of mononuclear 
leucocytes. 

[Greig and Gray found that there is a progressive increase in the 
number of lymphocy tes in the cerebro-spinal fluid as the disease 
advances. The average numbers found were 23 per cubic milli- 
metre in the early stage of trypanosomiasis, and 257, 355, and 
730 per cubic millimetre respectively in the different stages of 
sleeping sickness.] 

On making dried and stained films of the deposit obtained on 
centrifuging the cerebro-spinal fluid, the trypanosomes, as well as the 
leucocytes, are badly fixed, and as a rule not well stained. On the 
other hand, the parasites occurring in the blood fix and stain well. 
It is therefore in the blood that T. gambiense must be studied; but 
as the trypanosomes are as a rule too scanty in the blood of man to 

' [C. Christy, 104 lumbar punctures. Thompson Yates and Johnston Lah. 
Reports^ V. 6, part i., i905,pp. 57-71 ; Frit. Med. Journ. August 2, 1904, pp. 372-378.] 
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allow of this study, it is rjecessary to inoculate the blood or cerebro- 
spinal fluid of a patient into susceptible animals in whose blood the 
T. gambiense multiplies. 

Greig and Gray {op, cii,) recommend puncturing an enlarged 
lymphatic gland with an ordinary hypodermic syringe, and looking 
for the parasites in the drop of gland-juice thus obtained. 

[Dutton and Todd have confirmed the observations of Greig and Gray 
by a large series of gland punctures, and have concluded that ‘ gland 
puncture is by far the most cflicient method of demonstrating tlie presence 
of trypanosomes in cases of trypanosomiasis.* Ciland puncture is of 
greater value in early cases of trypanosomiasis than in late cases, because 
( 1 ) in early trypanosomiasis the trypanosomes are often very scanty in the 
blood and absent from the cerebro-spinal fluid, whereas they are par- 
ticularly numerous in the lymphatic glands ; and (2) in late trypanosomiasis 
(sleeping sickness) the trypanosomes are practically always present in the 
cerebro-spinal fluid — and therefore easily found on centrifuging tliis fluid — 
whereas they tend to diminish in number, and, in a small percentage of 
cases, even to disappear from the lymphatic glands. This is ])ossibly to 
be correlated with the fibrosis and atrophy of the glands whicli are often 
observed in advanced sleeping sickness.] 

[The posterior cervical glands gave the largest percentage of successful 
results (95 per cent.) *, then come the axillary (87 per cent.), the femoral 
(72 per cent.), and the epitrochlear (54*2 per cent.), j 

[Gland puncture is quite a simple operation, but it is necessary to 
attend to a few details of technique. The syringe must be boiled before 
use, then waslied with sterile salt solution, every trace of wliich .should be 
got rid of before using the syringe. After obtaining the drop of gland 
juice, the piston should be allowed to return almost as far as it w’ill, and 
tlien fixed with the finger, otherwise much of the^ fluid aspirated would be 
lost in the body of the syringe. The drop of fluid in the syringe must he 
forced out by one sharp push of the piston rather than by two or three 
iriovements, so as to avoid getting air bublfles in the preparation. The 
drop is quickly covered with a cover-gla.ss (care being taken to avoid the 
minute piece of skin punched out by the needh^), ringed with vaseline, and 
examined at once (Todd), ] 

[Dutton, Todd, and Christy found trypanosomes in centrifuged 
hydrocele fluid when they were absent from the blood and cerebro-spinal 
fluid. Living trypanosomes were seen in the centrifuged pericardial 
exudate as long as twenty and a half hours after death. Pleural and 
peritoneal fluids may also show trypanosomes post-mortem.] 

We have seen in Section i, dealing with the history^ ofour know- 
ledge of this disease, that at the beginning'of the investigations on 
human trypanosomiasis, T, gambiense, the parasite of the irregular 
fevers of Gambia, and T. ugandense, the parasite of sleeping sickness, 
were thought to be distinct species. We have also seen that the most 
recent investigations have led to the conclusion that these are one 
"uid the same disease caused by T, gambiense. The most careful and 
acute observers have failed to confirm the characteristic differences 
pointed out by Castellani between 1\ gambiense and T, ugandense. 

Trypanosoma gambiense. — T. gambiense (see P'igs. 57 and 58, 
and coloured plate, Figs. 6 and 7) measures 17 /a to 28 /t long, by 
^ ‘4 ft to 2 /A wide. Forms undergoing division are a little longer and 

26 
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considerably wider (2’5 /* to 3 /t) than thex)rdinary forms. The free 
flagellum is often one-third or a quarter of the total length ; but some- 
times the protoplasm of the body is continued along the whole length 
of the flagellum. Such forms without free flagellum were fairly numer- 
ous in the blood of a Macacus rhesus which died of trypanosomiasis. 
The undulating membrane is narrow ; the nucleus, oval in shape, is 
situated about the middle of the body, and the centrosome is well 
seen in stained specimens. The posterior end of the body varies in 
shape : sometimes it is pointed, as in Fig. 57, / ; sometimes rounded, 
as in j, and in the latter case the trypanosome is nearly always 
shorter than in the former. These variations in the appearance of 
the posterior e.\tremity are undoubtedly dependent upon the changes 



Fig. 57. — ^Trypanosoma gambiense. 

I. T. gambiense well fixed in the blood. 2. Trypanosome in a sme.ar of blood-staincil 
(edema fluid. 3. Trypanosome with a rounded posterior end, and showing rnany 
chromatic granules in the protoplasm. 4. Form undergoing division. (Magnified 
about 2,000 diameters.) 

in shape which the parasite undergoes during its migrations. The 
trypanosome contracts and elongates alternately, so that rapid 
drying of the blood fixes the parasite in one or other of these 
phases. 

When the posterior end is drawn out and pointed the centro- 
somc is further removed from the tip than when this is contracted 
and rounded off, so that the distance of the centrosome from the tip 
is a variable quantity, and cannot be used as an aid to diagnosis. 

Close to or around the centrosome there is often seen a clear 
space or vacuole (Fig. 57, 3 v), to which Castellani attributed great 
importance. According to him, in 7\ ugandense the centrosome, 
which is very near the po.sterior end, is situated outside the vacimle 
which is found at this end of the parasite, whereas in T. gambicn^^ 
the centrosome is further removed from the end and is in the interior 
of the vacuole. These distinctions are, however, artificial. 
the trypanosomes have been well fixed in blood-films, vacuoles a.re 
not seen. They are best njarked in badly fixed preparations made 
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from the cerebro-spinal or from the blood of very aniemic 

individuals.^ 

The protoplasm often contains chromatic granules which are some- 
times remarkable on account of their size and number (Fig. 57, j). 

[As has already been mentioned, the trypanosomes seen in a 
blood-film may differ morphologically in appearance. Some are 
long and slender, stain well, and have an elongated nucleus and a 
long flagellum; others are broader and shorter, with clear, pale- 
staining cytoplasm containing many granules, with short flagellum, 
and well developed undulating membrane. These two types of try- 
panosomes are regarded by Prowazek, Luhe, Nocht and Mayer, and 
others as being in all probability sexual forms, the slender parasites 
being looked upon as the male and the broad as the female. In 



^ t % 


Fig. 58. — Sexual and Indiffruent Forms ok T. gmbiense , 

rt. Indifferent form, h, Male form, c. Female form, d. Indifferent form, which in the 
fly becomes female : note the short flagellum, a and d. From the gut of the tsetse- 
fly forty-eight and twenty-four hours respectively after a feed, h and r. From the 
blood of an infected monkey. Magnified 2,000 diameters. (After Minchin, Gray, 
and Tulloch.) 

addition to these, there are the ordinary or ‘indifferent’ forms 
(see rig. 58). The short ( ? ) form may predominate in the blood 
of infected animals shortly before death (Nocht and Mayer). J 

[It has been pointed out in a previous chapter (see p. 156) that Koch 
has described similar morphologically distinct forms (which he regards as 
sexual forms of T, gambieuse) in the digestive tube of tsetse-flies, but in all 
probability the flagellates seen by Koch were not T. gambinm^ but ‘ wild ’ 
tsetse-lly trypanosomes. The same remark applies to the so-callcd 
multiplication forms of T. gambieuse described by Gray and Tulloch- as 
occurring in the stomach of GL palpalis.] 

As with the majority of trypanosomes, multiplication is by binary 
division. The centrosome and nucleus divide, then the flagellum 
divides longitudinally (see Fig. 57, ./), and linally the protoplasm 

^ [I do not agree with the authors that vacuoles are not seen in well fixed blood- 
Tilnis. In Uganda we frequently found that a vacuole was present, just in front of 
the centrosome, in blood-films taken from human beings ancl from monkeys infected 
With T, ^gambieuse y and immediately fixed and stained by Lcishman’s method (see 
l*lates i.-IIl. in Sleeping Sickness Commission Report^ No. i, by liruce and 
-Nabarro).] ‘ , 

Pp ^28^*^ 8^ Tulloch, Sleeping Siekness Commission Report^ No. 6, 1905, 
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shows signs of division. Castellani has ^described small amoeboid 
bodies, which he regards as another mode of reproduction of the 
parasite in the cerebro-spinal fluid.^ These forms have, however, 
never been seen by other observers. [But in sections of lymphatic 
gland and brain, in which ordinary trypanosomes are rarely seen, 
one may often find small rounded bodies, i fi to 2 in diameter, 
with a large and small chromatin corpusciile, closely resembling the 
Leishman body of kala-a;'ar. These are possibly degeneraUd 
trypanosomes, and have been described by Mott as occurring in 
trypanosomiases other than the human.] 

[In a recent paper Salvin-Moore and BreinP describe certain forms 
met with in rats infected with T. gawbwisey which they regard as spore-like 
resistant phases of the trypanosome. The first stage is the development 
of a thick stainable band between the centrosome and the nucleus. 'J'his 
is seen in from 5 to 20 per cent, of the parasites present in the blood at the 
height of an exacerbation. The second stage — seen in the lungs, spleen, 
and bone marrow when the trypanosomes are rapidly dimini.shing in tlie 
blood — is the disintegration of the parasites and the formation of small 
rounded bodies. These consist of the nucleus surrounded by a hyaline 
layer. Moore and Breinl regard these round bodies as ‘ resistant forms,’ 
and state that they are probably identical with Plirnmcr and Bradford’s 
'nuclei of a plasmodium,* and with Holmes* 'free nuclei* (see p. 274), 
Small trypanosomes are said to develop directly from these ‘ spore-like 
resistant bodies,* and thus the life cycle begins over again.] 

[The formation of the stainable band and the ensuing union of the 
sul)stance of the nucleus and centrosome may, according to !Moore and 
Breinl, correspond to a sexual act ; but before we can accept their interine- 
tation of these phenomena, it is necessary that the observations themselves 
be confirmed. It may be added that, in order to demonstrate the appear- 
ances above described, the blood, or ‘organ smears,* must be fixed, 
still U’ct, in a reagent, such as Flemming’s fluid.] 

The trypanosomes often occur in pairs, with their posterior ends 
overlapping one another to a variable extent. Sometimes this over- 
lapping is so marked that the nuclei of the parasites come to lio 
side by side, and this gives rise to the appearance of a trypanosome 
undergoing division. The presence of the flagella at the two 
extremities prevents one from falling into this error if the film is 
well stained. 

When blood containing T. gambieme is mixed with salt solution 
or horse serum, the trypanosomes remain alive for five or six days at 
the temperature of the laboratory. They live much longer in tubes 
of rabbit’s blood and agar. Tubes inoculated on January ii, 1904, 
with the blood of a rat severely infected with T, gambiense, and kept 
at 22® C., showed a fair number of actively motile trypanosomes on 
January 30. A certain number of these parasites were unusually 
large, as much as 35 /a to 40 long ; many dividing forms were also 


^ Castellani, Centralb. f. Baktcr,y I, Grig., 1903, v. 35, p. 62, and Sleeping 
Sickness Commission Reporty No.*2, November, 1903. 

2 [J.'E. S. Moore and Breinl, fMnce/y May 4, 1907, p. 1219.] 
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seen, but no rosettes. Subcultures were unsuccessful, so we cannot 
say that there was any growth in vitro in this experiment. 

Two rats inoculated on January 18 with the contents of one of 
these tubes, seven days after insemination, showed no sign of infection. 

[Thomas and BreinP have also made several attempts to cultivate 
T. gatnbieitse, but with very slight success. They found \'eal and chicken - 
meat infusion more suitable than beef infusion ; i to 1-5 per cent, peptone, 

5 to i per cent, sea-salt, and 2*5 to 3*5 per cent, agar were added. The 
best "proportion of this medium to blood (rabbit’s best, then sheep or 
goat) was 2 to I or 3 to 2. In this medium living trypanosomes w'erc 
seen as late as the twenty-fifth to the fortieth day, and in one experiment 
on the forty-seventh day. On renewing the medium, living trypanosomes 
were seen as late as the fifty sixth day. There was no evidence of actual 
multiplication in any of the tubes, nor were the ‘ cultures ’ virulent for 
animals.] 

i Gray and Tulloch’s- experiments in this direction were attended by 
one partial success. The medium used was Novy and McNeaPs agar, lo 
which three times its volume of undefibrinated dog’s blood was added. 
The water of condensation was inoculated with a drop of blood from a 
white rat very rich in trypanosomes. On the eighth and tenth days no 
trypanosomes were seen in a drop of the ‘culture’ Iluid, but on the 
fifteenth day several active ones were found. Thiiy were single and in 
groups of three or four ; dividing forms were also seen. These trypano- 
somes were distinctly larger than tho.se originally inoculated, some of them 
measuring as much as 54 /x. Be.sicles being longer and liroader than the 
original trypanosomes in the blood of the rat, the centrosome was situated 
nearer to the nucleus than in the trypanosomes inoculated. These cultural 
trypanosomes closely resembled certain forms found in the gut of tsetse- 
flies twenty-four hours after the latter had fed on an infected monkey. 
After the twentieth day the Irypanosotnes were killed by contaminating 
cocci. Subcultures from the original tube before contamination with 
cocci failed to grow. No mention is made of tlie pathogenicity of the 
culture for animals.] 

In a certain number of cases Castcllani found streptococci in the 
blood or cercbro-spinal fluid of sleeping sickne.ss patients ; these 
were evidently associated with secondary infections. Streptococci 
are found as a rule only in the last stage of the illness or in the 
cadaver (Castellani). 

[The Portuguese Commissioners had previously found that a 
very large percentage of sleeping sickness patients showed diplo- 
streptococci post-mortem, so that they — not unnaturally — regarded 
this organism as being causally connected with the disease. Ccastel- 
lani himself held this view at first, as the result of his earlier 
investigations in Uganda. These micrococci may be found not only 
in the heart-blood and cerebro-spinal fluid, but also in the lymphatic 
Inlands, in the brain, spinal ganglia, and other parts of the nervous 
system, and in other organs (Mott). This generalized infection is 
undoubtedly a secondary or terminal phenomenon in sleeping sick- 
J^css, due to the greatly diminished resisting power of the patient 

^ [Thomas and Breinl, Thompson Yates and Johnston Uib, Reports, v. 6, pan ii., 
*905, p. 45.] 

“ [Cray and Tulloch, Sleeping Sickness Comi.iission Report, No. 8, 1907, p. i33*] 
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resulting from the chronic trypanosome feifection. It is not to bo 
regarded as an essential factor in the aetiology or pathology of th»j 
disease — though it undoubtedly hastens the fatal issue — for in sonic 
cases of undoubted sleeping sickness the blood and cerebro-spinal 
fluid are sterile. 1 found this to be the case in the European who 
contracted the disease in Uganda, and died three years later in 
London. Martin and Girard, and Sicard and Moutier also obtained 
negative bacteriological results in their cases of sleeping sickness in 
Europeans.] 

Section 8.— Mode of Propagation. 

All the West African tribes regard sleeping sickness as con- 
tagious, and they very generally isolate sufferers from the disease in 
special huts. The irresistible spread of trypanosomiasis in Portuguese 
Congo and in Uganda quite bears out the idea that the disease is 
transmissible, at least under certain conditions. 

In Janus of July 15, 1903, we wrote as follows : ‘ Several authors 
have concluded that sleeping sickness is not contagious, becau.se in 
many countries, notably in the Antilles, it has often been introduced 
without becoming endemic or epidemic. This is the case, however, 
with all hajmatozoan diseases which arc propagated by insects 
malaria, nagana, etc. . . . These diseases arc only contagious in 
districts where the necessary insects exist to propagate the patho- 
genic agents; thus nagana is propagated in Africa only where the 
tsetse-fly occurs.’ 

The natives of French Guinea attribute to flies the power of 
propagating the disease, and this native belief was thought by all 
observers to be pi'obably correct, as soon as it was shown that sleep- 
ing sickness was a trypanosomiasis like nagana and surra, of which 
the propagation by means of biting flies had already been proved. 

Dutton and Todd studied the biting flics of Gambia capable of 
propagating human trypanosomiasis. Specimens of flies wvre caught 
on the boats plying up and down the River Gambia. Two of these 
flies bite man and the lower animals— namely, Tabanus dorsovilidi 
Welka, and GL palpalis, Rob. Desvoidy. The latter is very common 
in West Africa, and abounds in the mangroves which occur in pro- 
fusion along the banks of the watercounses, and during the hottest 
months gives rise to great annoyance. The attempts made in 
Gambia to convey trypanosomiasis to animals by means of these 
flies were unsuccessful. 

Sambon^ and Brumpt^ suggested that tsetse-flies niight pro- 
pagate sleeping sickness. The distribution of sleeping sickness 
not the same as that of GL morsitans, contrary to what had at lir H 
been stated by Brumpt ; but, as we shall soon sec, it corresponvu-> 
closely with that of another species of Glossina. 

- * SsLmbon, Journ. Trop, Med.^ July i, 1903* 

2 lirumpt, Soc, de January 27 and November 28, 1903. 
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It was Bruce and Na^parrowho first showed by actual experiment 
that it is the GL palpalis^ which is certainly the most important, if 
not the only, agent concerned in the spread of this trypanosomiasis. 

In their first report (August, 1903) Bruce and Nabarro state that 
a monkey — a black-faccd Cercopithecus — was submitted to the bites of 
numerous tsetse-fiies caught in Entebbe, Uganda, and that trypano- 
somes appeared in the blood of this monkey. The experiment was 
begun on May 13, 1903, and on the 27th of that month trypanosomes 
were first found in the blood. 

The experiments recorded in the second report of Bruce, Nabarro, 
and Greig (November, 1903) are of considerable interest. Tsetse- 
flies (GL palpalis) were allowed to suck blood from negroes affected 
with sleeping sickness, and were afterwards fed on five monkeys 
(Ccrcopiiheais). At the end of about two months trypanosomes 
appeared in the blood of the monkeys. Positive results were 
obtained even when the flics had fed on the patients twenty-four and 
forty-eight hours before being fed on the monkeys. We have just seen 
that positive results were sometimes obtained with freshly caught 
flies which had not been intentionally fed on patients. The flies in 
Uganda have numerous opportunities of becoming infected with 
trypanosomes by biting human beings, and perhaps also lower 
animals, affected with trypanosomiasis. We have already seen that 
T, ^!(ambicnse is pathogenic for a number of mammals, and gives rise 
to a chronic infection which is well suited for the maintenance and 
propagation of the pathogenic agent. 

Bruce, Nabarro, and Greig give a map of Uganda showing the 
distribution of sleeping sickness, and another showing that of GL 
palpalis. On glancing at these two maps, which agree in almost 
every detail, one is struck by the close relation existing between the 
trypanosomiasis and GL palpalis^ and one cannot fail to be convinced 
that GL palpalis is the chief disseminator of the* disease. 

[Of course, there maybe — and observations show that there are — 
districts in which GL palpalis occurs, and where sleeping sickness is 
unknown. This means that the ‘ fly belt ’ has fortunately not yet 
become infected by imported cases of trypanosomiasis. It is ex- 
tremely important that such fly belts should be accurately mapped 
out, and suspected cases of trypanosomiasis rigidly excluded. The 
importance of this precaution is seen from the following instance : 
In I903 we ascertained that GL palpalis was prevalent all round the 
shores of the Albert Nyanza, but this fly belt was not infected, and 
sleeping sickness was unknown there. Owing to intercourse with 
infected natives from Busoga and other parts of Uganda around the 
Victoria Nyanza, in 1904 sleeping sickness had appeared in this 
fly belt, and is now travelling down the Nile as far as the distribution 
of the tsetse-fly will carry it.J 

^ The characters of GL paipalis are gi^en in a note upon the tsetse-flies 
(see Chapter XVIII.). 


1 
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One of us recently received specimen^ of tsetse-flies from the 
following districts in the Congo Free State : Swata, Kwamouth, 
Bokala, and Yumbi. In every case they were G/. palpalis, and we 
know that sleeping sickness is prevalent in all those districts, par- 
ticularly at Berghe Ste. Marie, situated opposite Kwamouth, where it 
has made great ravages for several years past. 

We have likewise found GL palpaiis amongst flies sent us by 
Dr. Tautain from a district of Has Rio-Nunez, where sleeping sick- 
ness occurs ; and two tsetse-flies coming from the neighbourhood of 
Rufisqiie, Senegal, given to us by Dr. Kermorgant, belonged to the 
same species. 

[New habitats of G/, palpaiis are being constantly found. In 
1903 we ascertained that it occurred all round the Albert Nyanza, 
and Grcig found it down the Nile at Wadelai, Nimuli, and at a spot 
about midway between the latter and Gondokoro. In Cameroon, 
Ziemann found it to occur at several places along the coast — 
Victoria, Buca, and Barombi. It also occurs in Sierra Leone, and 
doubtless careful investigation will show that the whole West Coast 
of Africa from the Gambia to Angola is infested by 67 . palpaiis. 
During a journey of .some 2,000 miles through the Congo Free State, 
Dutton and Todd found this fly practically everywhere along their 
route.] 

[In South Angola, where sleeping sickness seems to be spreading, 
Wellman has found a variety of this Glossimi^ which Austen has 
named GL palpaiis wellmani. This variety of GL palpaiis has also 
been found recently at several places in the Upper Congo district 
near Portuguese territory. Massey, who reports this observation, 
states that isolated cases of sleeping sickness occur, but trustworthy 
evidence as to where the disease was contracted is wanting.] 

Can tsetse-flics, other than GL palpaiis, propagate human try- 
panosomiasis ? 

[Experiments which we carried out - in conjunction with Wiggins 
in East Africa seem to show that the East African tsetse-flies 
{GL pallidipes, GLfusca, and GL longipennis) can convey T. gambiense 
from infected to healthy animals by feeding on them. We also 
found that GL palpaiis is able to convey in a similar manner from 
diseased to healthy animals the various animal trypanosomes that 
occur in Uganda. It is, therefore, highly probable that species of 
Glossina other than palpaiis may propagate human trypanosomiasis, 
and the possible results of the infection of the enormous fly areas of 
Africa by T. gambiense are too appalling to contemplate. Moreover, 
the disease may then not be confined to Africa, for recently the 
tsetse-fly has been found in Arabia.^] 

' [Yale Massey, Lancet, August 4, 1906,0. 296. P'or further information see 
Chapter XVIII.J 

- [Nabarro and Greig, Sleeping Sickness Commission Report, No. 5, 1905, p. 45.J 

^ [Carter, />'«/. Med. Journ., November 17, 1906, p. 1393.] 
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Section 9.— Diagrnosis. 

It was formerly difficult to diagnose the disease in the first stage. 
The rises of temperature which occur may easily be mistaken for 
those of malaria or filariasis, which are often endemic in the same 
districts as trypanosomiasis. 

It is necessary to examine the blood microscopically in order to 
distinguish these different diseases. If it be a case of malaria, the 
characteristic haematozoa will be found at the time of the febrile 
paroxysms ; if it be filariasis, embryo filarije will be found on 
examining the blood at the proper time— thus in the case of Filaria 
nocturna .the blood should be examined at night. 

We have already scon that trypanosomes arc nearly always very 
scanty in human blood ; therefore, if they are not found on micro- 
scopical examination of films it is necessary tf) use the special method 
recommended by Bruce and Nabarro (see p. 39S), or to inoculate sus- 
ceptible animals with several cubic centimetres of the patient’s blood. 

If enlarged glands «are present, these may be punctured and the 
fluid thus obtained examined for trypanosomes. 

[We have already seen that gland puncture — especially of the 
cervical glands — is of most value in early trypanosomiasis, when the 
diagnosis by means of the rather tedious process of centrifuging the 
blood is much more difficult and uncertain. Dutton and Todd 
think that cervical gland enlargement, in the absence of any obvious 
cause, in negroes should bo regarded as evidence of trypanosomiasis.] 

Malaria responds to treatment by quinine, which is without action 
on the fever of lilariasis or trypanosomiasis. Trypanosome fever 
reaches its maximum at night, whilst in malaria the highest tempera- 
tures are usually observed during the morning. Tachycardia and 
rapid changes in the frequency of the pulse, occurring independently 
of variations in temperature, arc mentioned by all observers as 
important signs of the first stage of trypanosomiasis. 

In the second stage, when tremor of the tongue and hands, head- 
ache, and drowsiness are present, the diagnosis is much easier, 
especially as one is guided, as a rule, by the endemicity of the disease 
in the district in which the patient is seen or from which he comes. 

Trypanosomiasis in the second stage may be confounded with 
general paralysis, certain cerebral affections, such as syphilis and 
tumour, tabes, beri-beri, and uraemia. 

In general paralysis and tabes there is no hectic fever, as there is 
in trypanosomiasis ; in general paralysis the cerebral symptoms are 
more marked, as a rule ; and in tabes inco-ordination of movements 
is the dominant symptom. 

Beri-beri is characterized by peripheral neuritis, which is absent 
in sleeping sickness ; on the other hand, tremors, fever, and lethargy 
are not seen in beri-beri. 

In chronic nephritis with uraemia the urine is albuminous, and 
oedema is usually present [to a greater extent than in trypanosomiasis]. 
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The district from which the patient comps often furnishes a valu- 
able clue to the diagnosis. In doubtful cases it is always necessary 
to examine the blood, [glands], or cerebro-spinal fluid. We have 
already mentioned how this examination should be made to find the 
trypanosomes directly ; in addition to this, one should inoculate rats 
or dogs — the former intraperitoneally, the latter subcutaneously — 
with blood and with the remainder of the cerebro-spinal fluid which 
was not used for microscopical examination. 

Section 10. — Prognosis. 

Authors are agreed that sleeping sickness is always fatal. By 
careful nursing, so that bedsores are prevented and the patients 
properly fed, one may prolong the life of patients, without, however, 
being able to prevent the fatal issue. 

Whether the prognosis is as grave in the first stage of the disease, 
when the trypanosomes arc not found in the cerebro-spinal fluid, is 
at present undecided. 

Different species of animals, notably Macacus monkeys, inocu- 
lated with T. gambieme may recover from the infection, from which 
it may be supposed, as Bruce, Nabarro, and Greig say in their 
report, that a certain number of cases of blood infection in man 
may recover, without going on to the second stage of the disease — 
namely, sleeping sickness. 

[But, as has already been stated, in monkeys infected with T.gam- 
hiemethe trypanosomes may apparently disappear from the peripheral 
blood for months, so that the animals have come to be regarded as 
cured. More prolonged observation, however, shows that the in- 
fected animals eventually succumb to the trypanosomiasis, as was 
the case, for example, in one of our Uganda monkeys, which died 
eighteen months after infection, with nervous symptoms and the 
characteristic anatomical lesions post-mortem. Until the last month 
.the monkey, though soinewliat thin, appeared well, and for more 
than a year trypanosomes could not be found in the peripheral blood 
(Harvey).] 

[As the course of the disease is so very chronic, extending as it 
often, does over several years, it is impossible to say at present 
whether any individual in whom the trypanosome has been found 
has definitely recovered from the infection. Even if recovery is 
possible, it can only occur in a very small percentage of cases.] 

[In March to June, 1903, we found trypanosomes in the blood of 
twenty-three individuals in Uganda who showed no signs of sleeping 
sickness, and who, with the exception of the European already referred 
to, were apparently in good health. Three years later (April, 1906) 
twelve of these individuals had died — ten of sleeping sickness and 
two of pneumonia — and one was in an early stage of sleeping sick- 
ness ; all traces of the remaining ten had been lost. These observa- 
tions tend to show that unti^ a specific remedy is found for the 
disease the prognosis in human trypanosomiasis is very grave.] 



HUM A N TRYPANOSOMIA SIS 411 

Section 1*1,— Treatment. Prophylaxis. 

Authors recommend tonic treatment ; iron, quinine, and arsenic 
in combination fjive fairly good results, especially in cases com- 
plicated by malaria (Low and Castcllani). 

In animals infected with 7\ gambiensc arsenious acid causes the 
trypanosomes to disappear from the general circulation, at least 
temporarily, and it may hasten recovery from the infection.^ The 
dose required for rats is o‘i milligramme of arsenious acid per 
20 grammes of body-weight, or i milligramme for a rat weighing 
200 grammes ; smaller doses are useless, or produce only very slight 
results. 

Brumpt and Wurtz have shown that in the marmoset arsenious 
acid, in doses of 2*8 milligrammes per kilogramme of body-weight, is 
very toxic for the trypanosomes ; they state that, unfortunately, this 
drug is also very toxic for monkeys, even in doses of i milligramme 
per 600 grammes of body-weight.^ 

Animal experiments show that better results would probably be 
obtained in the treatment of human trypanosomiasis by giving 
occasional large doses of arsenious acid than by prescribing frequent 
small doses, as is usually done. Moreover, treatment should be started 
early — as soon as trypanosomes have been found in the blood [or 
glands] — without waiting for symptoms of sleeping sickness to appear. 

Broden,^ who used injections of Fowler’s solution in the treat- 
ment of trypanosomiasis in its early stages, noted that the injections 
caused the trypanosomes to disappear from the blood, and yet he 
seems to have used only small doses of the drug. 

[Greig and Gray (op, cit,, p. 67) have also tried the effect of 
arsenic, in the form of sodium arsenite, in five cases of early try- 
panosomiasis. The drug was beneficial to some extent, but its 
action was only temporary. The trypanosomes disappeared first 
from the blood and later from the lymphatic glands. After a 
variable time they reappeared temporarily and intermittently in the 
blood, but did not reappear in the glands. Greig and Gray think 
that the arsenic has (i) a direct destructive effect upon the trypano- 
somes, and (2) a secondary effect which comes into play later — namely, 
the production of active immunity by the destroyed trypanosomes. 
The after-history of these patients is not given in the report.} 

[Gray and Tulloch (op. cif., p. 30) treated ten further cases of 
trypanosomiasis with arsenite of sodium, but with disappointing 
results.. In most of the cases trypanosomes continued to be present 
in, or disappeared only temporarily from, the lymphatic glands, but 
in one case the glands remained free from trypanosomes for as long 
as ten months.] 

I Laveran, Acad des Scicftces, February 22, 1904. The same solution was 
used as in the treatment of nagana (sec Chapter VI.). 

- Soc. de BioL^ May 7, 1904. • 

3 Broden, Bull, tie la Soc. deludes colon., February, 1904. 
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We have tried the effect of trypanred VPon rats infected with 
r. gambiensCy but with unsatisfactory results. 

One would imagine a priori that T, gambiensey which multiplies 
in the blood of man as well as in that of most other mammals, would 
be unaffected by human serum, unlike the trypanosomes of nagana, 
surra, and caderas, against which man enjoys a natural immunity. 
Our own observations show this to be actually the case. Dried and 
powdered human serum injected in doses of 0*2 to 0*3 gramme into 
rats weighing 170 to 200 grammes infected with 7\ gamhiensc was 
quite inactive. 

Rats infected with T, gamhieme at first show very few parasites 
in the blood, and sometimes a negative result may be recorded after 
the parasites have once been present ; but after a month or a month 
and a half the trypanosomes are permanently established in the 
blood, and they are, as a rule, sufficiently numerous to enable one to 
study the effect of different drugs upon them. That is the time to 
study the action of serums and other drugs. 

The serum of normal guinea-pigs, sheep, and horses, like human 
serum, has no action upon T. gamhieme. This was to be expected, 
seeing that these animals are susceptible to T. gamhieme. 

Manson treated a patient suffering from trypanosomiasis with 
injections of horse scrum, but unsuccessfully.^ This, again, was to 
be foreseen, as the horse is not refractory to T. gamhieme. 

Unfortunately, this trypanosome develops in the blood of most 
mammals, but we must add that the serum of a Cynocephalm, which 
is very resistant to T. gambiensCy proved just as inactive as the serum 
of animals markedly susceptible to this trypanosome. 

Experiments should be made with the serum of animals highly 
immunised against T. gamhiemey but the results of previous experi- 
ments made in 'this direction with other pathogenic trypanosomes, 
and of researches upon the curative power of the serum of animals 
enjoying acquired immunity against T. gamhieme itself, leave little 
hope as to the ultimate result of such experiments. 

[Thiroux’^ has found that the serum of sleeping sickness patients 
possesses some preventive action. Mice injected with a mixture of 
this serum and citrated blood containing T. gamhieme became in- 
fected after a longer incubation period (a delay of from nine to 
thirty-two days over the control mice) than did control mice 
injected with citrated blood alone. The serum had no curative 
action on animals already infected with the trypanosome.] 

Good hygienic conditions and a liberal diet are important factors 
in the treatment of trypanosomiasis. In Africa sleeping sickness 
makes the greatest ravages amongst the poor, overworked, and 
badly-fed negroes.*^ Similarly, it is found that animals which are 

^ Manson and Daniels, firtf, Med. Journ.y May 30, 1903. 

2 [Thifoux, C. R. Soc. Biol., 'v.*6o, 1906, p. 778.] 

^ Xhx\sX.y{ Bleeping Sickness Coinmission Reporty November, 1903. 
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enfeebled become more severely infected than those which are in 
good condition and wel/ fed. 

The application of the cautery to the spine is indicated when the 
symptoms of spinal meningitis are well marked,^ We may add in 
passing that the treatment of sleeping sickness most used by the 
natives of Africa is removal of the enlarged lymphatic glands.- 

Prophylaxis. — Trypanosomiasis is propagated by tsetse-flies — 
G/. palpalis in particular — therefore the most important prophylactic 
measure consists in the protection of the person from the bites of 
these flics. 

The site for a house should be chosen far from damp and marshy 
areas, which the tsetse-flies infest, and also far from the native huts 
in which cases of sleeping sickness occur. The house itself should 
be fitted with wire-netting in the doors and windows, so that the 
flies cannot enter. 

When one has to pass through a ‘ fly belt,’ it is advisable to use 
a veil of fine mosquito netting round the head, similar to that which 
has been suggested for the protection of the head and neck against 
mosquitoes. 

It would be as well to study the means of destroying the 
G/. palpalis — at least, in the immediate vicinity of towns and villages. 
It is possible that in this case, as with nagana, the destruction of 
the big game and its disappearance may give satisfactory results. 

[In Uganda, and probably also in some other parts of Africa, 
GL palpalis is not dependent on big game for its existence. More- 
over, the destruction or extermination of the fly will be extremely 
difficult, if not impossible, for it has recently been shown by Bag- 
shawe,‘*in Uganda, that the natural habitat of the pupa of GL palpalis 
is the loose, crumbling soil around the roots of the banana-trees 
along the lake-shores, and not inland. As bananas form the staple 
food of the natives, it would be impossible to destroy the plantations 
without creating a famine. Minchin* suggests that to keep down the 
fly the natives should be encouraged or constrained to keep fowls in 
banana plantations where the fly is abundant, and that in forest 
districts it might even be advisable to introduce the Indian jungle- 
fowl. He thinks these birds would probably scratch up and eat 
many of the pup^e of the fly.] 

[By snipping off a piece of leg for the purposes of identification, 
Bagshawe found that individual flies can travel at least a mile. That 
is the reason, he thinks, why the breeding-places have eluded search 
so long.] 

It is important, in districts where trypanosomiasis is endemic, to 
obey carefully all the laws of hygiene, for disregard of those laws 
may favour infection. 

' ['Fhe value of this mode of treatment is very problematical.-- El).] 

2 [f'or the later experiments and observations on treatment see next chapler-l 
piagshawe, in Minchin’s letter to Nthure, October 25, 1906.] 

'* [Minchin, Nature, November 8, 1906] 
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[Dutton and Todd point out that, ‘while sleeping. sickness may 
be quickly carried, from place to place, it spfiads but slowly from an 
infected centre.’ This, no doubt, explains the enormous extension 
of the disease in recent years in Uganda, the Congo, and other parts 
of Africa, brought about by the .introduction of large numbers of 
infected porters, labourers, and soldiers into uninfected fly-infested 
districts.] 

[In gland palpation we have a simple means of diagnosing 
trypanosomiasis, which an intelligent layman can apply accurately. 
The following measures based on this fact have been recommended 
by Todd,^ and are already being applied in the Congo State : 
(i) ‘ The establishment of posts of inspection along the main roads 
to prevent the entrance of infected persons into uninfected districts, 
and (2) the removal of infected persons from posts in uninfected 
districts to places already infected.’] 

[‘ The application of these measures will be obtained by inform- 
ing every agent of the State of the significance of enlarged cervical 
glands. Each chief of a post w-ill be directed to examine his staff 
and to send suspected persons towards infected regions to the 
nearest doctor, w'here, if it is necessary for diagnosis, the patient 
will be watched. Each white man w'ill be made to understand the 
importance of preventing persons with enlarged glands from pro- 
ceeding towards uninfected districts, and will be given authority to 
prevent their progress.’] 

[Hodges® has recently studied the epidemiology of the disease in 
Unyoro and the Nile Valley (Uganda), and is of opinion that 
quarantine or isolation of infected persons is not feasible. He 
suggests that the sick in each community should be removed from 
direct communication with the neighbouring fly belt, and that they 
should on no account be allowed to approach any water where the 
fly is. Vigorous measures along these lines are now being taken in 
Uganda, and the patients are being placed in a number of specially 
organized settlements inland, away from any fly belt. Special 
arrangements are being made to remove all sources of danger from 
the European settlements at Entebbe and Jinja, by the removal of 
all vegetation which is capable of harbouring the tsetse-flies.®] 

[Probably over half a million natives of Africa have died of 
sleeping sickness during the past ten years. In many of the villages 
visited by Dutton and Todd 30 to 50 per cent, of the population 
were infected with trypanosomes, and a similar condition, no doubt, 
obtains in other parts of Africa. The large majority of these 
infected persons will die of their trypanosomiasis. We should, there- 
fore, do our utmost to protect uninfected areas from a similar fate.] 

* [Dutton and Todd, Liverpool School of Tropical Medicine^ Mem. i 3 , 1906, 
pp. 25-38.] 

* [Hodges, Sleeping Sickness Commission Keport, No. 8, 1907, pp. 86-99.] 

* \iirit, Mcii. /ourn.t January 26, 1907, p. 323.] 



CHAPTER XIII 

THE TREATMENT OF THE TRYPANOSOMIASES^ 

Section 1.— Historical Review of the Treatment of the Trypano- 
somiases in General. 

[In the foregoing chapters reference has been made to the large 
number of drugs that have been tried in the treatment of the various 
trypanosomiases. As has been pointed out, many of these drugs 
have a microbicidal action upon the trypanosomes in vitro, but very 
few of them are of recal value in the treatment of trypanosome 
infections.] 

[A good resum^ of the development of the chemical therapeutics 
of the trypanosomiases is given by Mcsnil and Nicolle'^ in their 
interesting paper on ‘ The Treatment of the Trypanosomiases by 
13en;jidinc Dyes,’ which will be considered in detail later. They 
say : ‘ Lingard, and after him Bruce, were the first to demonstrate 
the undoubted value of arsenical treatment in Equidae suffering from 
surra and from nagana. They even succeeded in curing some of 
their animals. Laveran and Mesnil thereupon initiated the study of 
arsenical compounds in the treatment of experimental nagana. They 
showed that by repeated injections the life of infected dogs and rats 
could be materially prolonged, but that a permanent cure could not 
be obtained with these drugs. On the other hand, they succeeded 
in curing, with human serum, several mice infected with nagana. 
Laveran obtained analogous results in mice infected with caderas or 
surra. These observations are very interesting from a theoretical 
point of view,’ but, unfortunately, cannot be applied in practice, 
owing to the large doses of serum that would be required for animals 
such as cattle and horses.] 

[‘ Ehrlich and Shiga’s discovery of trypanred inaugurated a great 
forward movement in the treatment of the trypanosomiases. By 
means of this dye they were able to cure a considerable proportion 
of mice infected with caderas. This result has since been confirmed 
by Laveran and Mesnil, Halberstaedter,** Franke, and Thomas. 
Unfortunately, as Ehrlich and Shiga’s work showed, trypanred is 

^ [The whole of this chapter has been added.— El).] 

« 'Mesnil and Nicolle, Ann, Inst, Pas/.,v. 2 *>, 1906, pp. 4*7-4481 and 513-538.] 
Halberstaedter, Ccntralb. f, Bakter., I, Grig., v. 38, 1905, pp. 525-532.] 
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: lpss efficacious in the treatment of other animals infected with 
caderas, as well as in the treatment of the *other trypanosome infec- 
tions. All observers are agreed at the present time that trypanred 
is unable to cure mice infected with nagana. It is equally valueless 
in mice infected with the virus of Mauritian surra — unless the treat- 
ment be repeated (Laveran) — as well as in rats and other animals 
infected with T. gambicnsc (Laveran, Thomas). On the other hand, 
trypanred is able to cure mice infected with mbori (L«averan, Franke) 
or with doLirine (Halberstaedter).’ ] 

[‘Methyl or ethyl green (malachite green, “brilliant” green), 
recommended by Wcndelstadt and Fellmer,^ never cured a single 
animal when the dye was used alone. The most that these dyes 
could do was to prolong for some time the life of rats infected with 
nagana.’] 

[‘An important step in advance was made by Thomas, who first 
used, in the treatment of the trypanosomiases, atoxyl, an arsenical 
compound remarkable for its slight toxicity. By repeated adminis- 
tration of this drug, he apparently cured a certain proportion of 
animals suffering from various trypanosome infections. On theo- 
reticitl grounds we (Mesnil and Nicollc) had already begun to exi)eri- 
merit with atoxyl before the publication of Thomas’s work.’ ] 

[‘ We may briefiy refer to the experiments of Balfour and Ncave 
with chrysoidin, which appears to be valueless in treatment.’) 

[‘ The impossibility of obtaining a certain cure by the exclusive 
use of any one of the above-mentioned drugs suggested the employ- 
ment of two or more of the most valuable of them in combination. 
Shortly after the discovery of trypanred, Laveran treated animals on 
these lines by injecting the dye the day after an injection of arsenic, 
and repeating these alternate injections more or less frecpiently. In 
this way he was able to cure rats, mice, and dogs infected with 
mbori and with Mauritian surra ; rats, dogs, and two macaques 
{Macacm rlicsus) infected with T. ^nmbiense ; and two dogs infected 
with experimental dourine.*] 

[‘ By means of a similar combined treatment Franke^ cured 
rabbits and a monkey {Cercopiihecus) infected with mal de caderas. 
Thomas'* also recommends the combined treatment with sodium 
arseniate and trypanred, but, having found that atoxyl is more 
valuable than sodium arseniate, he used the combination of atoxyl 
and trypanred in his later e.xperiments on treatment. Unfortunatch^ 
he gives yery few details of the results obtained in this way. He 
draws attention to the toxicity of trypanred, and in his first report 
upon the subject he says that if further efforts be made to produce 

* [Wcndelstadt, Deutsche med. Wochenschr.^ I904» No. 47.] 

- [Franke, ‘ Thcrapeutische versuche bei Trypanosome-erkrankung,’ ‘ Veterin.- 
mediz. Dissert.,* Giessen, G. Fischer, Jena, 1905; abstract by Mesnil in BulL Inst* 
Past., V. 4, 1906, pp. 138, 139 ] * 

® [Thomas, Brit, Med, Journ,^ Ma^ 27, 1905, pp. 1140-1143.] 
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a substance like trypanred, but less irritating in action, the combina- 
tion (with atoxyl) oughts to be of service in the treatment of human 
trypanosomiasis.*] 

[^Wendelstadt and Fellmer^ have attempted to improve upon their 
method of treatment by the alternate administration of “ brilliant 
green ** and arsenious acid. In this way they cur^d at least one rat and 
a Macacus rhesus infected with 7\ hriiccL The latter even became 
highly immunised, which is rarely the case in animals which recover 
from trypanosome infections as the result of treatment.* About 
seven months after the treatment was begun the monkey was per- 
manently cured, and it was then refractory to two successive inocu- 
lations of the trypanosome. The serum of this monkey, in doses of 
vV C.C., brought about the immediate disappearance of the trypano- 
somes from the blood of heavily infected rats ; in vitro it agglutinated 
the trypanosomes, whereas the serum of normal monkeys has no 
microbicidal or agglutinating action upon 7\ brucci,^ 

[Mesnil and Nicolle conclude their resume of the chemical thera- 
peutics of the trypanosomiases b\' alluding to the failures of Briimpt 
and Wurtz- and of de Magalhaes*^ to cure, by means of arsenic and 
trypanred, monkeys and rats infected with 7\ ^ambiense,^ 

[Mesnil and Nicolle’s researches, undertaken with tlie view of 
studying the chemical factors which determine the activity of the 
* benzidine * dyes, as well as of finding, if possible, therapeutic agents 
better than trypanred for the treatment of the various trypano- 
somiases, have led to the discovery of synthetic preparations of very 
great value in both the prophylaxis and treatment of several trypano- 
some infections.] 

[In addition to these experiments upon the treatment of the 
trypanosomiases by chemical agents, which appear to give the 
greatest promise of ultimate success, other experiments have been 
carried out along different lines, and with very little, if any, success 
in most cases. Amongst these maybe mentioned: (i) Ihe treat- 
ment with serums and extracts of spleen ; (2) the injections of 
cultures of organisms ; and (3) the exposure to X rays and other 
rays.] 


Section 2. — Experiments on Treatment with Agents other than 
Chemical Substances : Serums and Spleen Extracts ; Cultures 
of Organisms ; X Rays and other Rays ; Ligrht. 

[The Action of Serums. — I n previous chapters it has been 
stated that human serum injected into animals (rats and mice) 

1 [Wendelstadt and Fellmer, Zeiischr, /. v. 52, 1906, pp. 263-2S1 ; 

Sitzunj^sber. if. Niederrhein. Ges.f. Ant. u. Heilkunde zn January 22, 1906 ; 

Verhandl. d. dent, colon. Coni^resses^ 1905* PP* 287-291 ; abstract by Mesnil, in 
Hull. Inst Past.y v. 4, 1906, pp. 378-380.] 

- [Brumpt and Wurtz, C. R. Soc. Biol., 1904, No. 16, v. 59, 1905, p. 61. J 
^ [De Magalliaes, Arch. Inst. roy. de Bact, Camera Pestana, v. i, 1906, 

pp. 171-176] ' 
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infected with various trypanosomes (nagana, surra, caderas, and 
T. dimorphon) causes a rapid disappearance of the trypanosomes 
from the blood. In most cases this disappearance is only temporary, 
but occasionally in nagana and caderas infections the animals so 
treated have been permanently cured. Laveran ^ has since found that 
baboon’s serum has a similar effect upon the trypanosome of nagana, 
surra, and caderas, but that it is distinctly less potent than human 
serum. Unlike the latter, however, baboon’s serum had an effect 
upon T. gainbiense in the blood of the mouse, in a dose of o'2 gramme 
of dried serum for a mouse weighing i8 grammes.] 

[On p. igg mention was made of the specific serum obtained by 
Kleine and Moellers from donkeys immunised against T. brucei. 
This serum completely protected mice from infection with T. bnicci, 
and under certain conditions was able to cure nagana-infected mice. 
This action of the serum was specific, for this serum had little or 
no effect upon mice infected with T. gambiense.'] 

[The Action ok Spleen Extract. — Acting upon Rodet and 
Vallet’s observation that an extensive destruction of trypanosomes 
occurs in the spleen of an infected animal (see p. 145), Roux and 
Lacomme- have endeavoured to treat nagana-infected dogs by 
injecting extract of ox spleen (pounded spleen to which three times 
its volume of saline is added) in 20 c.c. doses. Three dogs were 
injected (two subcutaneously, one intravenously), and in each case 
the trypanosomes disappeared from the blood. In the two dogs 
injected subcutaneously a staphylococcal abscess developed at the 
site of inoculation, and this may have had something to do with the 
disappearance of the trypanosomes. In one of these two dogs the 
trypanosomes reappeared in seven days ; in the case of the other two 
the observations had not been made sufficiently long to say whether 
the disappearance of the trypanosomes was permanent or tem- 
porary.] 

[The Action ok Bacteria upon Trypanosome Infections. 
— Nissle-* treated rats infected with T, bnicci with intraperitoneal 
injections of loopful of a potato culture of B. procligiosus. Some 
of the rats died in half an hour to three hours after the injection, but 
in others the trypanosomes had almost completely disappeared from 
the blood in twenty-four hours.] 

[Massaglia found that the trypanosomes rapidly disappeared 
from the peripheral circulation when the host became infected with 
streptococci. Thomas and Breinl* injected cultures of various 
bacteria into trypanosome-infected animals, in most cases without 
permanent benefit.] 

^ [Laveran, C\ A’. A cm/. Sc/eMces^ v. 139, 1904, p. 177.] 

2 G. Roux and L. Lacomme, C\ /?. Acad, Sciences, v. 143, 1906, p. 135.] 

^ [Nissle, Hyg. Rum/schau^ 1904, No. 21, p. J039.] 

^ [Thomas and Jireinl, Thompson Yates and Johnston Lab, Reports^ v. 6, part 2, 
1905, p. 61. J. 
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[The Action of X Rays. — Mention has already been made of 
the observations of Kuss upon T*. lewisi (p. 76) and of Ross, De 
Nobele, and Goebel upon T. brticci (p. 159), that X rays have no 
effect upon these trypanosomes in vitro. Ross has also found that 
Finsen rays and radium emanations are equally inactive against 
T. brucei.] * 

[Ed. and Et. Sergent,^ working with an Algerian trypanosome 
(see p. 214), found that the X rays had a slight favourable influence 
when applied to the entire body of rats when the curve of the trypano- 
somes was at its highest. On the other hand, when the rays were 
applied during the incubation period, they hastened the fatal issue.] 
[De Nobele and Goebel- tried to find out if radio-therapy had 
any effect upon the course of experimental nagana in the guinea-pig, 
mouse, or rabbit. The guinea-pigs and mice were placed in cages 
at a distance of 10 centimetres (4 inches) from the tube. In rabbits 
the rays were applied only to the testicles — organs for which, as Van 
Durme has shown, the trypanosomes have a special predilection. 
The results were absolutely negative, whatever the period and 
duration of the treatments, and in spite of the fact that the doses of 
X rays absorbed by the animals were always above the maxiniiim 
compatible with the integrity of the skin, and even with life in some 
cases. Dc Nobele and Goebel add : ‘ It is illusory, it seems, to hope 
for favourable results in sleeping sickness from radio -therapeutic 
treatment, as Mense** has thought possible.’] 

[The Action of Light after Inji^ction of Colouring 
Agents. — Busck and Tappeiner^ injected certain dyes into animals 
and then tested the effect of their serum upon trypanosomes. 
Methylene blue serum rapidly lost its colour, and was found to be 
inactive in the light on animals tested. Thionin, methylene violet, 
bengal rose, and other dyes gave fair results. Eosin and erythrosin 
alone gave serums which were coloured and active for a long time. 
Trypanosomes (in saline suspensions) were killed in from one to 
three hours in the light, whereas they survived at least twenty-four 
hours in the dark.] 

[Mice, rats, and rabbits infected with T. brucci were tested for 
the action of light after injections of eosin or erythrosin. The 
animals were depilated on the back by means of calcium sulph- 
hydratc, and exposed in a wire cage to the sun’s rays filtered through 
a solution of ferrous sulphate, which arrests nearly all the infra-red 
rays. It is necessary to have a good current of air circulating 

^ [Ed. and Et. Ser^fent, Ann. Inst. Past., v. 20, 1906. See also Saloinonsen 
and Dreyer, C, K. Acad. Sciences, June 13, 19 <> 4 » P- I 543 -] 

^ [De Nobele and Cloebel, Ann. Sac. de MtUL de Gaud., v. 86, 1906, pp. 52-63 ; 
abstract by Mesnil, in Bull, I ml. Past., v. 4, 1906, p. 672.] 

[Mense, An/i.f. Sch/ffs. //. Tropenhyji^.. July, 1905.J 
* [lUisck and Tappeiner, Deutsche Arch, f klin. Med/sin, v. 87, 1906, 
pp. 98-110; abstract by Moutin, in Butt. Di^t. Past., v. 4, r9o6, p. 672.] 

• 27—2 



420 TRYPANOSOMES AND THE TRYPANOSOMIASES 


around the animal, otherwise its temperature may become danger- 
ously high.] ^ 

[In rabbits o’l gramme eosin proved dangerous to life, producing 
insolation or subsequent necrosis ; 0*05 gramme eosin was well 
tolerated, but had no elfect upon the trypanosomes.] 

[In rats and mice better results were obtained. An infection icms 
prevented by treating the animals, immediately after the inoculation of 
trypanosomes into the back, with a subcutaneous injection of the 
dye in the abdomen, and then exposing the back to light for six or 
seven hours. This exposure to light after the injection of the dye 
killed the trypanosomes inoculated, for control animals kept in the 
dark became infected in the ordinary way. The dose of the dye was 
o’l c.c. of a 2 per cent, solution per 30 grammes of mouse. If treat- 
ment was delayed for twenty-four hours no beneficial result followed, 
so that this mode of treatment will be of no use practically.] 

Section 3.— Recent Experiments on Treatment with Arsenic 
Compounds, including Atoxyl, and with Trypanred. 

[We have already seen that the first successful attempts to treat 
trypanosome infections were those of Lingard, and later of Bruce, 
who succeeded in prolonging the life of animals spontaneously 
infected with surra or nagana by the administration of arsenic. 
Occasionally a permanent cure was thus effected, but in most cases 
the animals died — either of the disease, if the treatment was stoppetl 
on account of intolerance, or of arsenical poisoning, or necrosis at 
the seat of inoculation, if the treatment was persisted in\ Laveran 
and Mesnil subsequently used arsenic in the treatment of experi- 
mental nagana in dogs and rats ; but a cure was never effected, 
although the progress of the infection was checked for a time. 
Moore and Chichester state that they had good results from arsenic 
in the treatment of trypanosome-infected cattle in Southern Nigeria 
(see p. 170). Broden and others have treated cases of human 
trypanosomiasis with arsenic, usually in the form of Fowler’s solu- 
tion, with apparent success (see p. 411). On the other hand, 
Nabarro, Grcig, Gray, and Tulloch- in Uganda treated sleeping 
sickness patients, as well as cases of early trypanosomiasis, with 
injections of arsenic, but on the whole with disappointing results. 
The trypanosomes disappeared from the blood and lymphatic glands, 
but reappeared in every case except one, in which the glands remained 
free for as long as ten months. Gray and Tulloch also found that 
arsenic was of very little value as a prophylactic or curative agent in 
the case of monkeys infected with T, gambiense.'] 

[Arsenic being evidently of considerable value in the treatment 
of these diseases, the indication was to find, if possible, a less toxic 
form of the drug than the ordinary inorganic salts of arsenious 

* [Chichester, Trop. Med.^ v. 8, 1904, p. 195.] 

^ (Ciray and Tulloch, Sleeping Sickness Commission Report^ No. 8, 1907, 
PP- 30-53.] 
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and arsenic acids. Thi^s induced Thomas^ to try atoxyl,’^ which, as 
we have seen in Section i, was being experimented with by Mesnil 
and Nicolle before the publication of Thomas’s paper. By means of 
atoxyl alone, but more especially in conjunction with trvpanred, 
introduced by Ehrlich and Shiga early in 190.^, encouraging results 
have been obtained by Thomas in some cases.] 

[The following are the details of some of Thomas and Breinl’s experi- 
ments with atoxyl and trypanred :] 

[ATOXYL.-.-7'A’r7M.Yas(w.i (lAMniExsE. — Rahhit (weight, 2,010 grammes) in- 
fected with the ‘ ordinary * strain of T, gamhiense. Many trypanosomes were 
present in the blood at the time treatment was started. The animal was 
given 1 c.c. of a 5 per cent, solution of atoxyl three times a week, the dose 
being gradually increased to i c.c. of a 10 per cent, solution. After three 
and a quarter months of treatment the rabbit became very ill and was 
killed. The Avhole of its blood injected into a monkey failed to infect.] 

[Guinea-pigs, infected with the same strain of T, gambiense, were trerited 
with an initial dose of 0*3 c.c. of a lo per cent, solution of atoxyl, followed 
by o'l to 0-3 c.c. of a 5 per cent, solution three times a week for t\vo 
months. The animals so treated all increased in weight. One died sixty- 
two days after treatment was discontinued ; its blood was not infective 
for three rats. Two other guinea-pigs were killed 80 and 100 days 
respectively after discontinuing the treatment, and their blood was found 
to be non-virulent.j 

[.-I monkey [Macaens rhesus) inoculated with a \'ery virulent strain of 
7 . gamhiense improved greatly, and gained in weight during treatment. 
The dose administered was i c.c. of a 10 per cent, solution twice a week. 
Unfortunately the monkey developed acute dysentery, to which it 
succumbed. Its blood was non-infective in doses of i c.c., but was in- 
fective in the dose of 15 c.c.] 

[Many rabbits infected with this same highly -virulent strain of T, gam- 
biense were treated with atoxyl. Whereas the untreated rabbits died in 
fourteen to thirty-six days, several of the treated animals survived inocula- 
tion for eight months. Guinea-pigs infected with this strain did not react 
so well to the treatment. Rats and mice reacted well if the treatment was 
started early and large doses of atoxyl were administered.] 

[7AM7'.i.Yas(U/,i jiKixKi , — Successful results were obtained in the case of 
guinea-pigs infected with 7 \ briicci, Atoxyl injections produced a rapid and 
permanent disappearance of the trypanosoiTies in several of the inoculated 
animals, and the whole of the blood was found to be non-infective on 
injection into rats. One guinea-pig had lived for nine and three-quarter 
months after becoming infected, or five and a quarter inf)nths after the 
treatment was stopped. The initial dose was c.c. of a 5 per cent, 
solution of atoxyl, and the subsequent dose was ot c.c. injected two or 
three times a week.] 

[In rats the treatment was begun \vhen the animals \vere apparently 
moribund and getting into the semi -comatose condition. At this stage 
the parasites often numbered 200 or more to a field. Rats weighing 
about 125 grammes were given an initial dose of 0*5 c.c. of a 5 per cent. 

^ [Thomas, BrR. Med. Journ., May 27, 1905, pp. 1140-1143 ; Thompson Yates 
and Johnston Lab. Reports, v. 6, part 2, 1905, pp. 49-63*] ^ 

[Atoxyl, or ineta-arsenic-anilide, has the formula C#5Hjj.NH.As02. It con- 
tains about 3; 7 per cent, of arsenic, and is said to be forty times less toxic than 
Fowler’s solution. It is especially suitable for either subcutaneous or intravenous 
administration. It produces no necrosis efr pain, and very much higher doses of 
arsenic can be given without producing tJdc results (Thomas). It is soluble in 
about I in 6 of water.] • 
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solution, and in nineteen hours trypanosomes were no longer visible in 
the blood from the tail. The condition of the ra^s was greatly improved 
by the atoxyl injections ; some lived 126 days after inoculation, and fifty- 
seven days after treatment was stopped. Subinoculated animals did not 
become infected. When only one injection of atoxyl was given, a relapse 
occurred in from six to eleven days, and the disease then took its natural 
course.’] *’ 

[With T. evansi the results obtained in the small laboratory animals 
were about the same as with 7 '. bntcei. Guinea-pigs and rabbits infected 
w'ith 7 ‘. eqninum also responded well to atoxyl treatment. Animals infected 
with T. eqniperdnm or T. dimovphon did not respond nearly so well.] 

[Trypanred. — T he best results with this dye were obtained in the case 
of animals infected with T, cquinum. Ehrlich and Shiga, and Laveran 
and Mesnil had previously obtained similar results in animals infected 
with this trypanosome. Thomas and Jireinl found that some rats lived 
as long as 107 days, and in some cases the blood was found non- infective 
post-mortem. In other animals infected with 7 \ cqtiinnm, such as rabbits, 
guinea-pigs, cats, and dogs, and in the case of animals infected with the 
other trypanosomes, le.ss favourable results were obtained. The improve- 
ment in the animals’ condition was only temporary, and no definitive 
cures resulted.] 

[The combination atoxyl-trypanred proved of l^enefit. Animals 
infected with T, dimorphon reacted better to the combined treatment than 
to either drug used separately ; but the treatment had to be pushed in 
order to keep the animals free from trypanosomes. As a result many of 
the animals died from the to.xic effects, especially from nephritis brought 
about by the trypanred.] 

[Laveran has published a series of papers - upon the treatment of 
animals experimentally infected with various trypanosomes. He 
used arsenic and trypanred, cither separately or in combination, the 
best results being obtained when the drugs were administered in 
combination. The following are the details of some of Laveran’s 
experiments on treatment :**] 

[TKYPAXosoyrA kvaxsi. — In rats and mice infected with T. evansi an injection 
of trypanred caused the trypanosomes to disappear from the general circula- 
tion in about forty-eight hours, but the disappearance was only temporary. 
Much better results were obtained by using trypanred with arsenious acid, 
as the following experiment .shows : A white rat, weighing 80 grammes, 
infected with T, evansi, was injected subcutaneously with 2 c.c. of a r per 
cent, solution of trypanred. Two days later the trypanosomes had dis- 
appeared from the blood ; the parasites were absent for a few days, but 
then reappeared. Six days after the original injection of trypanred, the 
trypanosomes having reappeared, 0-45 milligramme of arsenious acid was 
injected subcutaneously, and twenty-four hours later 2 c.c. of a i per cent, 
solution of trypanred. Two days after the last injection the trypanosomes 
had disappeared from the blood, and were not seen again subsecpiently. 
Two and a half months later the rat’s weight had increased to 134 grammes.] 

^ [Moore, Nierenstein, and Todd (Annals of Trof. AfetL and Pamstf,, v. i, 
No. 1, February, 1007, p. i6i) state that, in nagana-infected rats, the best com- 
bination is atoxyl, followed by small doses of perchloridc of mercury after the 
trypanosomes have left the peripheral blood. It is suggested that this treatment 
should be tried in human trypanosomiasis.] 

^ [Laveran, C. A*. Acad. Sciences^ v, 139, 1904, p. 19; v. 140, 1905, pp. 287 and 
1081 ; V. 141, 1905, p. 91.] ^ 

® [The details of these experiment^, are taken almost verbatim from Laveran’s 
interesting papers.] 
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[In mice trypanred used alone allowed T. evansi to reappear in the 
blood, whereas permaneftt cures were obtained by the combined use of 
trypanred and arsenious acid. Some of the rats and mice treated in this 
way by Laveran remained free from trypanosomes for seven, eij^ht, and 
nine months.] 

[Animals infected with mbori, which, as has been pointed out, is a 
variety of surra less virulent than the Indian and Mauritian strains, were 
cured niore easily by these drugs. In mice a cure may be effected by a 
Single injection of trypanred (0-3 c.c. of a i per cent, solution for a mouse 
of 15 to 20 grammes). In rais the dye used alone produces only a 
temporary disappearance of the trypanosomes. Much better results, 
including several permanent cures, were obtained l)y the alternate injec- 
tion of trypanred and arsenious acid at intervals of twenty-four hours. 
Some of these rats and mice remained free from trypanosomes for seven, 
eight, and nine months, and tlie cure was complete, because the blood was 
non-infective even when the whole of the blood of a rat was injected 
intraperitoncally into a guinea-pig.] 

[A weighing 12-5 kilogrammes, inoculated with mbori on Se)>tem- 
ber 7, 1904, was alive and well on January 30, 1905, having been cured 
by the combined treatment.] 

[Animals cured by treatment in this way arc not imrnuni;'cd, as 
are animals, such as bovines, goats, and sheep, which recover spon- 
taneously from an attack of mbori or surra. ‘ Cured * mice and rats 
were often reinoculated with mbori, with the result that the disease 
always progressed as in control animals, and invariably ended fatally.] 

[Try PA NOSOMA ga miuknse. — Cures were obtained in the case of rats 
and dogs infected with this trypanosome. The guinea-pig, w^hich is 
much more susceptible than the rat to arsenious acid and to trypanred, 
responds much less readily to treatment.' When animals infected 
with T. gambiense are treated with arsenious acid, and tw'o days later 
with trypanred, and the trypanosomes are allowed to reappear before 
any further injections of the drugs are given, the results are much 
less favourable than if the double injections are repeated without 
waiting for the reappearance of the trypanosomes. The same thing 
has been observed in malaria, which is also a ha^matozoan infection.) 

[In rats three double injections at intervals of a week were 
usually sufficient to effect a cure. Each ‘ treatment ’ consisted of 
an injection of arsenious acid (0*1 milligramme per 20 grammes of 
body- weight), followed in forty-eight hours by an injection of trypanred 
(2 milligrammes per 20 grammes of body-weight). This treatment 
produces a temporary loss of weight in the rats ; the skin is stained 
a deep red, and the urine is pink and often contains albumin. The 
injections made with sterile solutions into the muscles of the 
shoulder do not give rise to any local irritation in the rat. Of three 
rats treated in this way, two remained free from trypanosomes for 
three months, and one for six months.] 

^ [A rat weighing 200 grammes can tolerate i milligramme of arsenious 
acid and 2 centigrammes of trypanred, whereas a guinea-pig weighing 400 to 
500 grammes will not tolerate more tl:|in i milligramme of arsenious acid or 
i‘5 centigrammes of trypanred. Several tuinca-pigs treated with trypanred died 
of nephritis or of renal congestion.] J 
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[Dogs withstand injections of arsenious acjid given intravenously, 
but local necrosis is produced if the injections are made under the 
skin or into the muscles. It is advisable not to exceed i’5 milli- 
grammes of arsenious acid per kilogramme of body-weight ; and in 
dogs weighing lo to 12 kilogrammes a dose of 14 to 16 milligrammes 
of arsenic usually causes the trypanosomes to disappear.^] 

[Dogs weighing 10 to 12 kilogrammes, as a rule, tolerated 30 to 
40 centigrammes of trypanred. Two of the animals died, however, 
while undergoing treatment ; one of them had a chronic interstitial 
nephritis, \yhich caused death through failure to eliminate the drugs, 
while the other had a parenchymatous nephritis.] 

[Laveran gives details of two dogs infected with T, gamhiense 
which were cured, the one after three double injections, the other 
after four. He adds that * spontaneous recovery from infections 
with T. gamhiense being quite exceptional, the above observations 
upon rats and dogs seem to show that these infections are curable — 
at least, in certain species of animals. The best results are obtained 
by the successive administration of arsenious acid and trypanred, 
but it is desirable to find a drug which is as efficacious as, but less 
toxic than, the latter. The doses required being almost toxic ones, 
and the toxicity varying in different species of animals, the dose for 
each species must be carefully ascertained, and this is somewhat 
difficult in the case of man.’] 

[Two monkeys (Macaens simens) infected with the Uganda strain 
of 7 \ gamhiense were treated with arsenious acid and trypanred in 
combination. The dose injected was i milligramme of arsenic/-^ or 
about 2 centigrammes of trypanred (used in a 2 per cent, solution) per 
kilogramme of body- weight. Both drugs were injected subcutaneously. 
The arsenic injections gave rise to no bad results ; the tryi)anrcd 
produced a miirked coloration of the skin and urine, but did not 
give rise to necrosis. One monkey w^as treated four times, the other 
three times, with the double injection (arsenious acid, followed in 
two or three days by trypanred), an interval of eight to ten days 
being allowed between the successive courses of treatment. In each 
case trypanosomes were found in the blood ten days after inocu- 
lation, but not after the treatment was begun. Both animals gained 
a little in weight, and were well about three months (eighty-nine and 
eighty-three days) after inoculation. Laveran states that they were 
apparently cured; but, as we saw in the last chapter, monkeys may 
become free from trypanosomes without the intervention of any 

1 [For these intravenous injections Laveran used a solution of the following 
composition : Chemically pure NaCl, 17 grammes ; chemically pure sodium 
arsenite, 1*63 grammes ; distilled water, 250 grammes. The solution is made 
distinctly alkaline by the addition of a drop of caustic soda, and is then 
sterilized in the autoclave. One c.c. of this solution is equivalent lo 4 milli- 
grammes of arsenious acid.] 

“ [The arsenical solution used for Ihcsc injections had the following com- 
position : Arsenious acid, 0*5 gramme/, sodium bicarbonate, 0*5 gramme ; dis- 
tilled water, 250 grammes. The stringth of arsenious acid was, therefore, 
2 per 1,000.] 
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treatment, and remain apparently in good health for many months, 
yet ultimately the trypanosomes reappear and the animals die, often 
after exhibiting symptoms of sleeping sickness.] 

TRYPAN0S0^fA EQViPERDVM (doiirine). — Although this trypanosome 
always gives rise to a fatal infection in dogs that are untreated, Laveran 
succeeded in curing two dogs by means of the combined treatment. 
One dog was cured after three double injections (16 milligrammes 
arsenious acid, followed in a few days by 30 centigrammes trypanred) ; 
the other dog required six double injections before it recovered from 
its infection. This animal weighed 10 kilogrammes, and received in 
the space of forty-seven days 72 milligrammes arsenious acid and 
1*2 grammes trypanred without ill-effects. It gained 2 kilogrammes 
in weight during the experiment.] 

[Mode ok Action of Trypankizd. — Laveran writes : ‘This dye 
is only feebly toxic. A mouse of 15 to 20 grammes may safely be 
given a dose of 0*3 c.c. of a i per cent, solution. ... Its mode 
of action is still obscure. Ehrlich and Shiga have shown that 
in vitro it has only a slight microbicidal effect upon trypanosomes ; 
but it is admittedly difficult to study in vitro slowly acting microbi- 
cides, because the trypanosomes lose their motility fairly quickly 
without the addition of any microbicide. This microbicidal action 
may occur, but it is slow. In injected animals the trypanosomes do 
not entirely disappear from the general circulation until the end of 
forty-eight hours. Trypanred is, therefore, much slower in its action 
than is arsenious acid.’] 

[‘ Thomas and Brcinl have made similar observations- They 
noted, moreover, that injections of arsenic or of trypanred were 
followed by a marked polymorphonuclear leucocytosis. This leiico- 
cytosis no doubt plays a part in the destruction of the trypanosomes, 
but the injection of agents, such as nuclein, colcliicin, etc., which 
cause a leucocytosis, after the administration of arsenic or trypanred, 
or both, did not give better results than were obtained with the arsenic 
or trypanred alone.’] 

[The Value ok Therapeutic Measures in the Trypano- 
somiases.— ‘There is no doubt,’ says Laveran, ‘that by means of 
the combined treatment with arsenic and trypanred complete and 
[Hirmanent cures can be obtained in the different trypanosomiases. 

I have in my possession animals which have been cured for over a 
year of trypanosomiases, which in untreated animals of the same 
species always run an acute and invariably fatal course. The blood 
of these cured animals is no longer infective, even though the whole 
of it is injected into another animal.’] 

[‘ Animals that have recovered from a trypanosomiasis after being 
treated with arsenious acid and trypanred, or with the latter alone, 
iire not immunized against the disease. \ When they are reinoculated 
'vith the virus they develop a fresh inisetion, and the disease runs 
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the same course as in a control or normal animal. I had previously 
made similar observations in mice which liad recovered from nagana, 
surra, or caderas after injections of human serum. It seems to follow, 
therefore, that we cannot hope to do much good by therapeutic 
means in combating the trypanosomiases of domestic animals in 
regions where tftese diseases are enzootic or epizootic ; for the 
animals when cured would again be exposed to the infection — except 
in the case of dourine, in which it is possible to take effective pre- 
cautions against reinfection. It must be our aim, therefore, to prevent 
these diseases rather than to cure them. Therapeutic attempts, how- 
ever, are all-important in human trypanosomiasis, and especially in 
the case of Europeans who are able to leave the country in which 
the disease is endemic.’] 

Section 4.— Treatment by Means of Benzidine Dyes (Mesnil 

and Nicolle). 

[The important investigations of Mesnil and Nicolle^ upon the 
action of various derivatives of benzidine in trypanosome infections 
were suggested by the fundamental work of Ehrlich and Shiga on 
trypanred. Mesnil and Nicolle's experiments were carried out upon 
nagana, surra, and caderas in mice, and upon ^amlncnse infections 
in young rats and macaque monkeys. Wenyon studied the action 
of these dyes upon T. dimorphon infections, and, more recently, 
Mesnil, Nicolle, and Aubert- have made fuller investigations upon 
their action in T. gambiensc infections.] 

[Nagana, surra, and caderas run such a uniform course in mice 
that a prolongation of less than twenty-four hours attributable to the 
drug can be recognized. It is, therefore, possible to classify the dyes 
experimented with by the differences in the prolongations to which 
they give rise. In some cases a permanent cure was obtained with 
one injection of a dye.] 

[In order to enable the reader to understand the technical terms used 
in the following description of these experiments, it will be advisable to 
make a brief reference to the constitution of some of the more important 
chemical substances in question. ‘ The benzidine dyes, in their simplest 
form (diazo compounds), consist of one molecule of a diazotized base 
(benzidine or one of its homologues), serving as a nucleus, united, it 
may be, to two molecules (identical or otherwise) of a phenol or aromatic 
amine, or to one molecule of a phenol and one molecule of an aromatic 
amine — lateral chains of the diazo compound, so to speak. There exist, 
then, symmetrical derivatives and asymmetrical derivatives. Certain com- 
pounds of benzidine, which contain one or two molecules of amine, are 
able, after having been diazotized, to give rise, in their turn, by union 
with phenols and amines, to triazo and tetrazo compounds.’] 

1 [Mesnil and Nicolle, Ann. Inst, PasU^ v. 20, 1906, pp. 417-448, and 514-538 »' 
abstracts in Pull. Inst. Past., v. 1906, pp. 817-821, and in PHI. Med. Journ.. 
December 22, 1906, p. 1777, from j 'hich the account given above is largely taken..! 

2 [Mesnil,' Nicolle, and Aubert Inst. Past.^ v. 21, January, 1907.J 
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[Treatment of Experimental Nagana in Mice. — Mesnil and 
Nicolle studied a very large number of synthetic compounds,^ with 
the view of ascertaining which were the best bases and substitution 
products, and which the best lateral chains. Reviewing first the 
symmetrical diazo compounds, let us enquire what is the respective 
influence of the lateral chains and of the diazos on the curative 
power.] 

[Experiments show that the benzenic chains (even combined 
with the best bases) always give rise to inactive derivatives. So 
also do the naphthalenic chains which do not contain the NH2 
group, or which, containing it, do not present at least two SO3 H 
groups. On the contrary, it is amongst the naphthylamine-disulpho 
compounds, the disulphonic amino -naphthols, the disulphonic 
naphthylene diamines, and the trisulphonic naphthylamines that 
active chains are found. Amongst the disulphonic a-naphthylamines 
the best type is i, 5, 7 ; amongst the disulphonic /i-naphthylamines 
the best types are i, 5, 7, and especially 2, 3, 6, the lateral chain of 
trypanred. Amongst the disulphonic amino-naphthoLs the best 
types are 1,8,4, 6 (acid K), and especially 1,8, 3,6 (acid H). 
Amongst the disulphonic naphthalene diamines the best type is 
2, 7, 3, 6. The a- and yS-trisulplionic naphthylamines are very in- 
ferior to the corresponding disulphonic derivatives ; the addition of a 
third sulpho-group is, therefore, harmful rather than beneficial.] 

[Each of the good lateral chains was studied in combination with 
a number of diazos (as many as twenty-seven for acid H), and it was 
found that, according to the base used, the activity of the resulting 
derivatives varied from o to OC •“] 

[Acid H, like all the disulphonic amino-naphthols, can be united 
with the diazos in an acid as well as in an alkaline medium. In an 
acid medium the mode of insertion of the azo group is completely 
inverted, and the therapeutic power is much diminished. It is easy 
to unite two molecules of acid H successively in an acid and alkaline 
medium ; the asymmetrical colours thus formed manifest an efficacy 
varying with the base selected.] 

[The conditions affecting the activity of the lateral chains 
were also studied in detail ; it was found that the best of these 
chains were those which contain the sulpho-groups 5,7 ; 4,6 ; and 
especially 3, 6.] 

[What part do the diazos play in the efficacy of these colours ? 
Mesnil and Nicolle found that the benzidinic bases are the only ones 
of any value; but their activity depends upon a number of con- 
ditions. (i) On the position of the diazotizable NH-j group; the 
meta-position (in relation to the benzidinic link) is bad ; the ortho- 

^ [The authors express their indebtedness to several dye works, and especially 
to the Farbenfabriken at Elberfeld^ for supplying the dyes.] 

^ [By 00 is meant that a permanent disappearance of the trypanosomes 
followed a single injection of the dj e.] 
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position, on the other hand, is good. (2) On the general structure 
of the diazo ; the benzidin:o nuclei, strictly speaking, always appear 
better than the bases in which the two hexagons, instead of being 
directly linked, are joined by a bivalent group or atom (as in 
p-diamino-diphenylurea ; see p. 427). Benzidine is, on the whole, a 
good nucleus. In its derivatives the activity variesiAvith the position 
and nature of the substituting groups or atoms. Thus, to mention 
two of the many facts ascertained by the authors, it was found 
(i) that the ortho-position (in relation to the benzidinic link) was 
always bad ; and (2) that the substituting groups CH3 and OCH3, as 
a rule, exerted a favourable influence.] 

[To determine with any degree of completeness the influence of 
the lateral chains on the bases, it would have been necessary to 
experiment with thousands of compounds. With the resources at 
their disposal Mesnil and Nicolle were able to arrive at at least one 
of the laws which regulate this influence. Tliis is the law : On 
classing the three most commonly used bases in the following order, 
benzidine, dianisidine, tolidine ( 15 , D, T), it is found that when a 
lateral chain possesses a sulpho-group in position 6, the activity of 
the compound resulting from the union of this chain with one of the 
three bases increases from 15 to T ; when the lateral chain possesses 
a sulpho-group in position 7, the activity of the compound diminishes 
from B to T. This law of the sulpho-groiips 5 and 7 also’applies to 
other bases than benzidine, dianisidine, and tolidine.] 

[No doubt there are other laws governing the formation of active 
compounds, because it is not sufficient to combine any good chain 
with any good base in order to produce an active compound.] 

[Theoretical considerations, which are given at length in Mesnil* 
and Nicolle’s paper, led these authors to conclude that the auxo- 
chrome NH.j constitutes the essential element of the lateral chains. 
The group NH^ is also present in other colours used by certain 
investigators (notably methyl and ethyl green), as well as in normal 
serums.] 

[The derivatives, which arc active in vko against nagana, are 
solutions having a blue, violet, rose, or red colour ; they are trans- 
l)arent or opaque, and colour the mice more or less permanently ; 
they are quite harmless in the therapeutic dose (o’5 to i centi- 
gramme), and often in larger doses. The best of these derivatives 
is ‘dichlorobenzidine-t-acid H — alkaline, alkaline* (called Cl for 
short — bluish violet in solution). Then come the compounds 
‘ tolidine -f acid H — alkaline, alkaline’ (called .V — violet solution), and 

^ [Houflfard {Ann. Inst. Past.^ v. 20, 1906, pp. 539-546) has studied the distri- 
bution of this dye in the organs and tissues of healthy animals injected with it 
in vivo. He finds the dye in the convoluted tubules of the kidney, in the cells 
of Kuppfer of the liver, and in the interstitial cells of various organs and tissues. 
The cerebro-spinal fluid remains uncolourcd. This seems to show that the dye, 
‘ind probably, therefore, other remedial agentsj^arc unable to penetrate the spinal 
canal, at least in certain cases. It suggests a^ intraspinal method of treatment 
for sleeping sickness, in addition to subcutaneo'^s or intramuscular medication.] 
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‘ tolidine+acid H — acid, alkaline' (called A' — violet). These three 
dyes can, in many cases, bring about thr. permanent disappearance 
of the trypanosomes after a single injection. Such results are only 
rarely obtained with the compound ‘benzidine +2, 7 diaminonaph- 
thylene — 3, 6 disulphonic acid' (called a for short — dark cherry-red 
solution), and quite exceptionally with trypanred — ‘ benzidine 
o-monosulphonic acid + acid R’ (clear cherry-red solution), and with 
the compound ‘p-diamino-diphenylurea+acid H' (called Ph — violet).] 
[The treatment of relapses is only successful with the compound 
Ph. This dye is able to prevent the reappearance of the parasites 
when a full initial dose is injected, follow^ed in a week by a smaller 
dose. Finally, it was found that the dyes Cl and A possessed a 
remarkable preventive power against the infection (nagana).] 

[Mesnil and Nicolle state that the asymmetrical diazo compounds 
offer no advantage over the symmetrical, but rather the reverse; 
and that triazo and polyazo compounds never manifest any curative 
power, even when they contain good lateral chains.] 

[In the second part of their paper ^ Mesnil and Nicolle give a 
detailed account of the therapeutic action of the six best dyes, and 
also compare their action with that of some arsenic compounds. 
About one-third of the mice treated with Cl, A, and A' were per- 
manently cured by one injection (dose i centigramme for a mouse of 
15 to 20 grammes) ; so also were one-quarter of those treated with 
a (dose 075 centigramme) ; one out of thirteen treated with trypan- 
red (dose 0*3 centigramme) ; and one out of fifteen treated with Ph 
(dose I centigramme). The dyes were always dissolved in distilled 
water (i per cent, solution), and injected hypodermically.] 

[In the cases which were not permanently cured a relapse 
occurred after a variable time (five to twenty days, average twelve 
days). A relapse, if untreated, ran the same course as an original 
infection. Few dyes were found of use in the treatment of relapses; 
as has been mentioned, Ph alone gave good results, and then only if 
the relapses did not occur very soon after the treatment.] 

[Of the arsenic derivatives used, a certain number (arsenite and 
arseni.ate of soda, arrhenal, and atoxyl), given in suitable doses, 
caused the trypanosomes to disappear : but relapses always occurred 
rapidly, except with atoxyl, which behaved like the dye a (two mice 
out of eight cured by one injection). Atoxyl was also preventive, 
almost as much as Cl.J 

( The Disappearance of the Trypanosomes. — The parasites disappear from 
ilood in sixteen to seventy-two hours, according to the nature and dose 
of the dye used, and the number of parasites present when the injection 
is given. The trypanosorfies in the circulating blood show involution 
forms ; they become granular, stumpy, and increasingly sluggish ; their 
remains are found in the leucocytes. In vitro these dyes do not exhibit 
«iny appreciable trypanosomicidal activity.] 

"i 

^ [Mesnil and Nicolle, Ann^nsL Past.^ v. 20, July, 1906, pp. 51^-538.] 
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[The investigations made to try to find out what becomes of the 
trypanosomes from the time ^ that they disappear from the blood to the 
time the relapse occurs were carried out on mice treated with A and Ph. 

It was found that, even on inoculating a number of mice with the blood, 
spleen, liver, kidneys, and brain of mice killed some days after the 
disappearance of the trypanosomes, the parasites were not always foiind 
in the inoculated animals, although, as has been pointed out above, a 
relapse would almost certainly have occurred in the mice treated with 
the dye. This failure to find the trypanosomes in the subinoculated mice 
is due to their small numbers, or to their physiological condition, or to 
some unknown cause. In one interesting case the brain alone was 
infective.] 

[The Treatment of Experimental Caderas in Mice. — 
The comparative study of the therapeutics of nagana and caderas 
shows at once that the order of activity of the dyes is subject to 
important variations on passing from one trypanosomiasis to another. 
Mesnil and Nicolle’s observations, corroborated by those of Wenyon 
for T. dimorphon, show that this variation depends on the structure 
of the lateral chains, and especially of the diazos.] 

[In caderas, as in nagana, the dye Cl causes the complete dis- 
appearance of the trypanosomes in many cases (about 50 per cent.) 
after a single injection. Trypanred also gives good results, as 
Ehrlich and Shiga had originally shown (almost 50 per cent.). The 
dyes A, A', and a cure only exceptionally, and Ph never.] 

[The interval between the treatment and the relapse (when this 
occurs) is about the same as with nagana, except in the case of 
trypanred, when, according to Ehrlich and Shiga, it may be as long 
as two months. The treatment of relapses is successful with Cl, 
trypanred, and, above all, with «.] 

Treatment of Experimental Surra in Mick. — Here again 
the best colour is Cl, which cures nearly all the animals after one 
injection. After this comes trypanred. The curative power of A 
and A' is doubtful, that of a and Ph inefficient. The derivative Cl 
has a prophylactic action which is quite remarkable. ] 

[To summarize the foregoing observations, we may say that Cl 
(dichl6robenzidine + acid H) constitutes, at the present time, the best 
chemical agent to oppose the three animal trypanosomiases, nagana, 
caderas, and surra ; but for the relapses Ph is to be recommended 
in nagana, a in caderas, and perhaps atoxyl in surra.] 

[Treatment of Experimental TRvrANOsoMA dimorpjion'I^^ 
FECTIONS IN Mice. — In the treatment of the three above-mentioned 
trypanosomiases the best lateral chain is acid H, and the best diazo is 
dichlorobenzidine. The blue dyes are therefore, as a rule, better 
than the red dyes. In T, dimorphon infections, however, Wenyon 
found that the opposite condition holds. The only derivative capable 
of curing mice after a single injection w^as the compound a. Try- 
panred, administered even in repeated^ doses, was only exceptionally 
able to prevent the reappearance of the parasites. With the other 
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derivatives relapses always occurred, sometimes, however, after a 
long interval.] 

[Treatment of Experimental Infections with Trypanosoma 
GAMR iENSE IN Rats AND Monkeys. — In thesc cases it is impossible to 
obtain a permanent cure after a single injection of the dye. The 
relative value of fthe drugs used is estimated by the interval which 
elapses between the treatment and the relapse. The most efficacious 
dye was found to be Ph ; after this come the compounds ‘ p-diamino- 
phenylglycolether' + acid H ’ and Cl ; then, a long way behind, comes 
trypanred, and further still the compound a. We see, therefore, 
that in 7 '. ^ambicnse infections, as in nagana, cadcras, and surra, the 
best lateral chain is acid H ; but, whereas in the last three diseases 
^ the best diazo is dichlor.obenzidine, for T. gambiense it is p-diamino- 
diphenyl urea. As has already been mentioned, the best dmg in 
T. dimorphon infections is a — a red dye. ‘ It is permissible to hope,’ 
say Mesnil and Nicolle, ‘that we shall one day arrive at a means of 
distinguishing the various pathogenic trypanosomes by the chromo- 
therapeutic test.’] 

[Parallel experiments were made with atoxyl and sodium arsenitc.- 
With the former permanent cures were occasionally obtained after a 
single injection in the monkej' and rat. As in the case of the other 
trypanosomiases, sodium arsenite is far inferior to atoxyl in treat- 
ment.] 

[Having ascertained that the two best drugs were the dye Ph and 
atoxyl, Mesnil, Nicolle, and Aubert used them in different ways in 
order to find out how the best ultimate results could be obtained. 
The alternate use of the dye Ph and of atoxyl was found of more 
value that cither drug used singly ; in some cases the relapses were 
treated only as they occurred, in others preventive injections were 
given, so as, to try and ward off a relapse.] 

[A rat which received four injections of Pli (each time on the appear- 
ance of trypanosomes in the blood) lived for 143 days; a control rat died 
in forty-seven days. xAnother rat which received seven injections was still 
alive after eight months ; trypanosomes were absent from the blood for 
three and a half months after the last injection of Ph. A rat treated with 
atoxyl had a relapse after twenty-two days ; a fresh injection of atoxyl 
cured the animal, for no relapse had occurred when the rat died, 147 days 
afterwards. Another rat injected with atoxyl had a relapse after 115 days. 
Two rats which were injected only once never showed trypanosomes, 
although they survived 121 and 171 days.] 

The preventive treatment of relapses gave even better results, 
especially with Ph. It is interesting to note, however, that in some 
cases relapses occurred after a very long interval — as much as six 
months. These delayed relapses in rats show that under the influence 

' [This is perhaps more correctly called p-aminophenyl-dicther of glycol. For 
its formula see p. 427.] 

2 [The dyes were used in i pe^ cent, solution in distilled water; the atoxyl in 
2 per cent, solution ; and the sodium arsenite i per 500.] 
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of treatment a subacute disease may be converted into a chronic one, 
and also that one must very careful in speaking of cures where 
7\ gambiense infections are concerned.] 

[ In monkeys the best results were obtained by using atoxyl alone, 
or the combination Ph-atoxyl alternately, and without waiting for a 
relapse to occur before injecting a further dose of the drug. Animals 
treated with Ph alone were never permanently cured ; but by means 
of atoxyl, or of atoxyl and Ph used alternately, the trypanosomes 
disappeared from the blood and remained absent for five or six 
months (experiments still in progress). Mesnil, Nicolle, and Aubert 
think that some of these monkeys were really cured, for the following 
reasons: (i) Por five months or more after the last treatment 
trypanosomes had not reappeared in the blood ; (2) the blood of 
two of the monkeys was not infective for rats in 8 c.c. doses ; (3) the* 
whole of the blood and the extracts of organs of another monkey failed 
to infect a dog ; and (4) the bloods of all the monkeys lost the power 
of agglutinating their own red corpuscles. Time will show whether 
these monkeys are permanently cured of their trypanosomiasis.] 

['Fhese drugs, in therapeutic doses, are well borne by monkeys, 
and no doubt the same applies to human beings. As we shall see in 
the next section, atoxyl is the only drug which is at present receiving 
the serious attention of investigators in the treatment of human 
trypanosomiasis. In the case of negroes the alternate administration 
of atoxyl and the dye Ph may prove superior to atoxyl alone ; but in 
whites the violet coloration of the integuments produced by the dye 
will be a bar to its general use.] 

Section 5. — Treatment of Human Trypanosomiasis (Sleeping 
Sickness) and of Experimental Infections with Trypano- 
soma yamblense in Animals.^ 

[Before it had been discovered that T, gambiense was the cause of 
sleeping sickness, Low and Castcllani treated their cases in Uganda 
with iron, quinine, and arsenic. This produced a distinct but 
temporary improvement, especially in cases complicated with 
malaria.] 

[When the probable role of the trypanosome in the causation of 
the disease was demonstrated by Castellani, l^ruce, and Nabarro, 
treatment by injections of arsenic and other drugs, which had proVed 
of some value in nagana and surra, suggested itself. Nabarro and 
Greig, in 1903, treated a patient by intravenous and intraspinal 
injections (8 c.c. dose in each case) of a i per cent, solution of 
methylene blue. No permanent benefit resulted from this treat* 
ment. Two other patients in an early stage of sleeping sickness were 

^ [Laveran has recently given a good rdsumd of the various attempts that have 
been made to treat human trypanosomiasis.' Sec //w//. f/e PAcad. de Med,^ 
t'ebruary 26, 1907.] 


28 
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treated by intramuscular injections of arsenious acid (arsenious acid 
I gramme, sodium carbonate i gramme, water 500 c.c.)* The injec- 
tions were given every two or three days. The initial dose was 
15 minims (about i c.c.), and the dose was rapidly increased to 
40 minims (about 2*5 c.c.). There was a distinct improvement in 
the patients’ condriion, but it was only temporary, and the patients 
eventually succumbed to the disease.] 

[Greig and Gray ^ followed up this line of treatment, but with 
equally unsatisfactory ultimate results. Dutton, Todd, and Christy- 
and Broden® likewise obtained temporary beneficial effects by means 
of arsenic. Gray and Tulloch^ found that safe doses of arsenic had 
little or no power to protect monkeys against an infection with 
T. gambicHsc.] 

[Attempts were next made to cure T. gambiense infections in 
animals by the combined use of arsenic and trypanred. The experi- 
ments of Laveran and of Thomas and Breinl on these lines have 
already been alluded to (Section 3). A certain percentage of 
recoveries resulted from this mode of treatment.] 

[Gray and Tulloch tried the effect of ‘ tragarot ’ in well-marked 
cases of sleeping sickness, but although no ill effects were produced 
(as often result from the administration of trypanred), no beneficial 
effects could be observed in the patients so treated.] 

[Other drugs or forms of treatment which have been suggested or 
tried, but without permanent benefit, are chrysoidin (Balfour and 
Neave®), Hirilliant green’ (Wendelstadt and Fellrner^), thyroid 
tabloids (Lorand"), and X rays (Mensc^).] 

[ATOXYL. — The drug which has hitherto proved most useful in 
the treatment of sleeping sickness in man and of 7\ gambiense infec- 
tions in animals is atoxyl. As has been mentioned in Section i, it 
was Wolferstan Thomas who first used atoxyl in the treatment of 
the trypanosomiases, though Mcsnil and Nicolle had independently 
experimented with this drug before Thomas published his paper 
in 1905.] 

[Thomas warmly advocates the use of atoxyl in human trypano- 
somiasis, and the encouraging results obtained with it in experi- 
mentally infected animals by Thomas and Breinl, Laveran, Mesnil, 

* [Oreig and Ciray, Sleeping Sickness Commission Report, No. 6, 1905, 
pp. 50 69.] 

^ [Dutton, Todd, and Christy, Liverpool School of Tropical Medicine* 
Memoir xiii.] 

[liroden, ‘ La Trypanosomiase chez TEuropeen,' lirussels, 1905.] 

^ [Gray and Tulloch, Sleeping Sickness Commission Report, No, 8, 1007. 
PP- 30-53d 

^ [Balfour and Neave, Lancet, June 17, 1905 ; Second Report of the Wellconu 
Research iMboratories, Khartoum, 1906, pp. 153-170.] 

® [WendelsUidt and Fellmer. See references given on p. 417.] 

[Lorand, (jerman Congress of International Medicine, Deutsche med- 
Wochenschr., v. i, 1905.] , 

® [Mense, Arch.f. Schiffs und T^op. Hyg., July, 1905.] 
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and others (see Sections ^ and 4), and by Ayres Kopke,^ Broden,- 
Van Carapenhout, Todd,® Koch,^ and others, in human trypano- 
somiasis show that it is a valuable remedy for this disease. Koch, 
who has recently used it on a lar^je scale in Uganda, speaks most 
enthusiastically of it, and apparently regards it as*a specific cure for 
trypanosomiasis. Unfortunately, other observers have been unable 
to corroborate Koch's statements. Kopke, Broden and Rodhain, 
and others, have found that the administration of atoxyl causes a 
great and rapid amelioration in the condition of the patients, but 
that death eventually occurs in spite of the treatment. Kopke 
quotes one case in which the treatment was continued for fifteen 
months, the patient receiving in all thirty-three injections of atoxyl 
(in doses of I to i‘5 grammes). Trypanosomes, nevertheless, 
continued present in the cerebro-spinal fluid, and the patient died 
after a series of epileptiform fits.J 

[V’^an Campenhout advocates the combined administration of 
atoxyl and large doses of strychnine sulphate. He recommends 
giving the latter in small pills, each containing i milligramme 
(ffV grain). Three of these pills are given on the first day, and the 
(lose is increased by one pill a day until ten pills are taken per diem ; 
then give eleven pills each day for a week, and gradually increase 
the daily dose by one pill each week until fifteen (j grain) arc taken 
every day. After this the dose is gradually diminished. This treat- 
ment gave very good results even when the patients (natives) had 
reached the paralytic stage of the disease.] 

[Thiroux and d’Aiifreville^ treated a native of Portuguese Guinea, 
aged about twelve to fourteen years, with three subcutaneous in- 
jections of atoxyl (o’i3 gramme each) and one intraspinal injection 
(o'02 gramme) ; strychnine was also given (dose from 3 increasing to 
7 milligrammes). About a fortnight after the treatment was started, 
and again a month later, trypanosomes could no longer be found in 
the centrifuged cerebro-spinal fluid, and this fluid, as well as the 
blood, was not infective on inoculation into monkeys. Two and a 
half months after all treatment \vas stopped, the patient \vas appa- 
rently well. It is remarkable that the patient improved so rapidly 
after the small quantity of atoxyl inject^iid. Possibly, as Laveran 
suggests, trypanosomiasis is more easily curable in children (this 
patient was only twelve or fourteen years old) than in adults.] 

[All authorities are agreed that atoxyl is of considerable value in 
the treatment of human trypanosomiasis. It is possible, moreover, 

^ [Ayres Kopke, ‘ Traitement de la Maladie du Sommeil,* Medicina contem- 
pormea^ Lisbon, 1907.] 

^ [broden and Rodhain, Arch, f, Schiffs //. Trop. v. 10, 1906, p. 

^ [ lodd and Breinl, Brit, Med Journ., January 19, 1907 ; Todd and Kinghorn, 
' February 2, 1907, A full bibliography is given in these two papers.] 

^ [Koch, Deu/seke Med, IVochensc/ir,, .Supplenent lo No. 51, 1906; abstract 
Brif. Med, Joum.^ January 19, 1907 ; also January 10, 1907, p. 49.] 

[Thiroux and d*Anfreville. See in Laveran, BulL Acad, M^d., February 26, 

1907.] 
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that permanent cures may occasionally be effected by its adinipistra- 
tion, especially in the early stages of the disease. Nevertheless, we 
must be very careful not to be misled by the immediate improvement 
which usually follows its use, and to regard the improvement as 
being evidence ofc a permanent cure. Atoxyl is undoubtedly an 
advance on the older methods of treatment, but it is not a specific. 
Finally, the very chronic course that human trypanosomiasis runs 
(lasting often for several years) makes it necessary for us to follow up 
the cases for years after treatment before we can confidently talk of a 
permanent cure.] 

[The Mode of Administration of Atoxyl in Human 
Trypanosomiasis. — Atoxyl is usually given in subcutaneous injec- 
tion, but it may also be administered by intramuscular, intravenous, 
or intraspinal injections, or by the mouth. Broden and Kodhain 
state that the drug is well borne by the stomach and intestines after 
oral administration ; but most observers agree that atoxyl is decom- 
posed by the acid gastric contents, and that signs of arsenical 
poisoning are thus more easily produced.] 

[In early trypanosomiasis, before the trypanosomes are found in 
the cerebro-spinal fluid, intramuscular or subcutaneous injections 
are sufficient ; but when signs of sleeping sickness have developed, 
and trypanosomes are present in the spinal fluid, it is probably 
advisable to inject the atoxyl into the spinal canal as well as into the 
muscles or subcutaneously.^ Before injecting the drug, lo to 15 or 
more c.c. of cerebro-spinal fluid should be withdrawn by lumbar 
puncture. Correa Mendes,*^ in Loanda, injected intraspinally 10 c.c, 
of a I per 1,000 solution of atoxyl. Kopke, and Thiroux and 
d’Anfreville have also used intraspinal injections.] ^ 

[The -usual strength of the atoxyl solutions used for intramuscular 
or subcutaneous injections is 10 per cent. Van Campenhout, how- 
ever, prefers 5 per cent, solutions. Breinl and Todd recommend a 
20 per cent, solution in sterile normal saline. The atoxyl separates 
out on cooling ; but if the solution is warmed to blood-heat just 
before use the drug completely redissolves, and there is no pain at 
the site of injection.] 

[The doses of atoxyl recommended by different authorities vary 
considerably. Ayres Kopke has injected subcutaneously as much as 
I and i ’5 grammes of atoxyl into adult negroes without producing any 
ill effects. Broden and Kodhain never gave more than o’8 gramme 
for a dose. In two patients doses of o'6 and o’8 gramme were 
followed by toxic symptoms. Van Campenhout commences with a 

^ [In 1903 Nabarro and Greig injected a patient intraspinally and intravenously 
with a solution of methylene blue, with the result that the trypanosomes 
appeared from the cerebro-spinal fluid. For intraspinal injections drugs must 
used in small doses ; otherwise ^here is a danger that they may combine with 
nerve elements and produce serious results.] , 

[Quoted by Kopke in communication made to the Society for 
Studies, Lisbon, December 29, 1906 : Mcdicina contemporanea^ Lisbon, 1907-] 
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dose pf 0*2 to 0*25 gramme of atoxyl^ and increases it daily by 
o’05 gramme until a dose of o"8 gramme or more is reached. If 
there are then no signs of poisoning, the daily dose remains at 
this point for a fortnight or three weeks. It is then gradually 
diminished by 0*05 gramme daily until the initial dose (0*2 gramme) 
is reached, and the treatment is then interrupted for one or two 
months. Three or more such courses of treatment are given as 
required.^] 

[Breinl and Todd recommend the following dosage: 0*6 c.c. of a 
20 per cent, solution of atoxyl (warmed) subcutaneously daily for four 
days. On each of the four succeeding days o’S c.c. is given, and the 
dose is then raised to i c.c. each day. This dose is given daily for a 
week, then on every other day for a fortnight, and afterwards twice 
a week until all symptoms have disappeared and the patient’s blood 
is non-infective when inoculated into susceptible animals. After- 
wards I c.c. should be given weekly for as long a period as possible.- 
If toxic symptoms occur the same doses should be given, but less 
frequently.] 

[Certain precautions are necessary in the administration of atoxyl 
by injections. Van Campenhout points out that the syringes and 
needles used for the injections should be sterilized by boiling, since 
carbolic acid decomposes atoxyl. It has also been found that 
solutions of atoxyl decompose (with the liberation of free aniline) 
and become yellowish if exposed to light. All solutions should, 
therefore, be kept in dark (brown) bottles, and made up fresh every 
week.] 

[As has already been mentioned, the strong solution (20 per cent.) 
of atoxyl recommended by I^reinl and Todd should be warmed to 
blood-heat before use. Atoxyl solutions must, however, not be over- 
heated. Prolonged heating in the autoclave causes the solution to 
decompose with liberation of aniline (Lanzenberg). Laveran has 
found that solutions of atoxyl sterilized in the autoclave are at first 
more toxic, and also more active against the trypanosomiases, than 
solutions prepared in the cold. The initial increase of activity'of 
solutions sterilized in the autoclave rapidly diminishes, however, and 
on this account the solutions used should always be recently prepared 
and sterilized.] 

[Toxic Symptoms. — When the initial dose is small and the 
subsequent doses are gradually increased, there may be no toxic 
symptoms. L. Martin states that a rise of temperature may often 
follow the earlier injections of ato.xyl. Schild,^ who first used atoxyl 

^ [Quoted from Breinl and Todd^s paper in //r//. Meif. Journ.^ January 19, 

1907.] 

^ [The disappearance of the auto-agglutination of the red corpuscles may be 
of considerable help in deciding when it is safe to discontinue the atoxyl treat- 
ment.] 

® f W. Schild, BcrL klin, Wochetischr,^ No. 13, 1902; Dermatol og. Zeiischr., 
V. 10, Heft I.] 
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therapeutically, describes the symptoms of poisoning as ‘ feelings of 
chilliness, vertigo, headache, and tickling in the throat.’ The 
administration of atoxyl is never followed by albuminuria.] 

[Broden and Rodhain observed severe abdominal cramps 
radiating to the hj^pochondria, slowing of the heart, and marked 
coldness of the extremities. Intestinal colic and diarrhoea were 
absent in their patients.] 

[Daniels states that ‘ burning on micturition, general dryness of 
the mucous membranes and skin, with the formation of pruriginoiis 
vesicles,’ followed the administration of 0 2 gramme of atoxyl twice 
weekly for fourteen months in one case. In another case vomiting 
and diarrhoea occurred early in the course of treatment. When these 
symptoms occurred the dose was reduced, and subsequently very 
gradually increased.] ’ 

[The action of atoxyl upon the trypanosomes is similar to that of 
arsenious acid (Laveran, Thomas and Breinl). When a sufficiently 
large dose of citoxyl is injected into an animal showing many trypanosomes 
in its blood, the parasites are obviously diminished in number at the 
end of four or five hours. Of those still present many are involuted 
and degenerating ; some are deformed, others spherical, movement is 
diminished and tlie protoplasm granular. At the end of eighteen to 
twenty-four hours the trypanosomes have entirely disap]>eared.] 

[Finally, we may again refer to the opinion of Mesnil, Nicolle, 
and Aubert that the alternate administration of the dye Ph and of 
atoxyl may prove to be more valuable than atoxyl alone in the 
treatment of human trypanosomiasis.] 


^ [Quoted by Breinl and Todd in the article previously referred to.] 



CHAPTER XIV 

TRYPANOSOMES OF BIRDS 

Section 1. — Historical Review and Geogrraphical Distribution. 

Until quite recently all that was known about the trypanosomes of 
birds was contained in a paper by Danilewsky, published in Russian 
in 1888, and summarized in P'rench in 1889J This paper contains 
numerous details about the appearance of the trypanosomes in fresh 
blood, the changes they undergo, and their cultivation (?) in vitro. 

Chalachnikov, in his * Rccherches sur les parasites dii sang chez 
les animaux a sang froid et a sang chaud’ (Charkov, 188S), devotes 
a chapter to the trypanosomes of birds ; but he scarcely docs more 
than reproduce the descriptions given b}^ his teacher, Danilewsky — 
descriptions truly remarkable, seeing that they arc based on observa- 
tions made almost exclusively upon fresh blood. 

In 1903 our knowledge wjis considerabl}- increased by the re- 
searches of Laveran^ upon the Trypanosoma avium of an owl {Syrniiim 
aliico), of Dutton and Todd'* upon the trypanosomes of birds of the 
genera Crithagra and Kstrelda of Gambia, and of Hanna^ upon the 
trypanosomes of the pigeon and raven of India. These papers give 
detailed accounts of the structure of the adult parasites, but say 
nothing about their mode of reproduction. 

According to Danilewsky, Wedb* was the first to see a trypano- 
some in bird’s blood, but his description is vague. The parasite 
was 75 to 150 yiA longj by 5 /x to 6 /a wide ; with one end pointed, the 
other blunt. It had a cc^rkscrew-like movement. The host was 
Loxia coccothranstes. Possibly this parasite was a Filaria. 

In 1845 Gros,**’ after having discovered the flagellated parasites of 
the blood of field-mice and moles, stated that he had found in the 
blood of goat-suckers and cranes similar parasites, which measured 

^ Danilewsky, BiW. Centrald.^ 1885 ; Arch, slaves dc JltoL, 1886-1887 ; and 
‘ Researches upon the Parasites of the bk)od of 13irds,* in Russian, Charkov, 188S ; 
French edition, Charkov, 1889. 

* Laveran, C. A^ Soc. Urol., v. 55, May 2. 1903, p, 328. 

® Dutton and Todd, Firsl Report of the Expedition to Senegambia.^ 1902, Liver- 
pool, 1903, pp. 5 S, 56, pi. ii., figs. I, 2. 

\ Hanna, Quart. Journ. Micr. Sc., v. 47, December, 1903, pp. 437, 438, pi. 32. 

^ Wedl, Denkschr. A had. Wien., v. i, 1S50. 

® Gros, Bull. Soc. I^atur., Moscow, v. 18, 1845, p. 423. 
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10 fito in length and were very thin. • His hsematozoon of the 
raven, loo /x to 130 long and thinner than the small diameter of the 
red corpuscles, he calls a trypanosome, but it is very doubtful if this 
is the correct interpretation. 

It appears quitdf certain that the T, eberlhi Kent seen by Ebcrth 
in the digestive tube of the fowl was not a trypanosome, but a Triclio- 
moncis, as was first suggested by Stein, and later by Leuckart. 

The trypanosomes of Danilewsky have been found in several 
Russian birds — the owl, the roller-bird (Coracias gamla), and others. 
Danilewsky saw trypanosomes in the blood of young roller-birds 
only three or four days old. The parasites were numerous in tlie 
blood in summer, but absent during the winter. 

Ziemann, in Heligoland, found trypanosomes in the chaffinch 
{Fringilla calcic), ^ but he did not describe the parasites. The same 
observer states that he found, in a small white owl in Cameroon, 
trypanosomes which showed male and female forms (?).- [In a later 
paper’* Ziemann mentions the occurrence of trypanosomes in the 
kingfisher (A Icy on) in Cameroon.] 

The owl in which a trypanosome was found by one of us was 
bought in a Paris market. We have sought in vain for trypano- 
somes in a large number of other I'rench birds. 

Of twenty-five birds examined at Bathurst, Gambia, belonging 
for the most part to the genera Jistrdda and Crithagra, Dutton and 
Todd found only one (Estrelcla eslyelda) infected with the species of try- 
panosome they call T.johnstoni, The other trypanosome described 
by the same observers was common in the blood of the species of 
Crithagra and Estvclda found at St. Louis on the Senegal (seven 
birds infected out of fifteen examined) and at Bathurst. 

Hanna, in India, found a small proportion of the domestic pigeons 
infected with trypanosomes. He studied at the same time a trypano- 
some of the Indian raven (sp. ?) in blood-films made by Ross in 
i8g6. Donovan informs us that he has found trypanosomes in the 
blood of Athene brama from the neighbourhood of Madras. 

The brothers Sergent,'* who examined the blood of a large number 
of Algerian birds particularly in the environs of Algiers, found try- 
panosomes in only three species : in one goldfinch {Fringilla cor- 
duehs) out of forty-six examined ; in two black-cap warblers {Sylvia 
atricapilla) out of five examined ; and in three swallows out of ten 
examined. The parasites were always so scanty that these observers 
were never able to find them again in stained preparations. 

Schaudinn,'^ in his inquiries into the alternation of generations 
and the change of host of Trypanosoma and SpirochcBta^ used the 

\ ‘ Ueber Malaria u. andere lilut parasiten,' Jena, 1898, p. 106. 

/icniann, Arc/i. f, Schiffs u, F^op, v, 6, 1902, p. 389. Probably lie 

saw sexual forms of hirmantivba ziemannL 

[Ziemann, Hakter.^ I, Grig., v. 38, 1905, p. 308.] 

Ed. and Et. Sergent, C, R, Soc. Riol.j v. 56, 1904, p. 132. 

Schaudinn, Arb, a, d. kaiserL Gesund.^ v. 20, 1904, p. 387. 
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Athene noctua of Rovignj, Istria, which contained trypanosomes in 
their blood (see Chapter III.). 

[Since 1903 our knowledge of the trypanosomes of birds has been 
considerably increased by the investigations of Novy and McNeal, 
Petrie, Thiroux, and others.] ^ 

[Thiroux^ has made an extended morphological and experimental 
study of the trypanosome of the Java sparrow (padda, or rice-bird, 
Padda oyy::ivora), discovered by Levaditi in 190*^, and named by 
Laveran and Mesnil T. paddee. As will be mentioned later, Thiroux 
succeeded in growing the trypanosome artilicially on a rnoditication 
of Novy and McNeal’s medium.] 

[Novy and McNeal- have published a long paper upon the 
trypanosomes of birds. These observers examined 431 birds, repre- 
senting forty species. It is a remarkable fact that the microscope 
showed trypanosomes in only twenty-four out of 431 birds, whereas 
the cultural method applied in only lifty-throje cases gave twenty-nine 
positive results (55 per cent.), l^y the two methods of e.xamination 
(microscopical and cultural), trypanosomes were found in thirty-eight 
birds, representing fifteen species, as follows: l\ed-winged blackbird 
{Af^chiiiis pJiamiccus), rusty blackbird {Sadcplui^us carolinus), bluebird 
(Sialia sialis), blue jay {Cyanociiiu cridaia), mourning dove {/cnaidnra 
//nzcnno'a), American goldfinch (Spinus trislis), flicker {Colnptusanniiiis), 
red-shouldered hawk {Butco Ihicatus), Baltimore oriole {Ictcnis 
biila), robin (Mania ntigraforia), English sparrow (Passer douicsticus), 
song sparrow (Melospiza fasciata)^ brown thrasher (Hurporhynchns 
rufus), hairy woodpecker (Dryobates villosns), :\nd house wren (Trof^lo- 
dytes U'don).\ 

I Of the thirty-eight cases in which tryjxinosomes were dis- 
covered, cither microscopically or culturally, twenty-three showed 
an infection with other parasites, such as FiUiria, Hannoprotcus 
majoris, H, danilcwskyi, IL etc. Novy and McNeal state 

that the study of the trypanosomes found in the blood, and also of 
those obtained by cultivation, shows that there are several distinct 
species which exhibit no constant association with a given cytozoon. 
Thus, the commonest species of tr34)anosome ('I\ avium) found in 
the birds examined was associated with five different species of intra- 
corpuscular parasites, or with Filaria, in addition to its verj^ frequent 
single occurrence. These observers add that ^ under these circum- 
stances it would indeed be difficult to estabish a relationship with 
any of the intracellular organisms mentioned.’] 

[In addition to T. avium, which was found in twenty-five out of 
the thirty-eight cases, several other species of trypanosome were 
encountered. In four cases a wiriety (?) of 'A avium was found ; in 
each of two other cases trypanosomes which Novy and McNeal 

^ [Thiroux, Ann. Jmt. Past., v. 19, 190^5, pp. 65-83.] 

[Novy and McNeal, American Medicine, v. 8. November 26, 1904, pp. 932- 
934 ; Jourti. Infect. Dis., v. 2, March i, 1905, pp. 256-308. There are many excellent 
photo-micrographs illustrating the latter paper.] 
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regard as distinct species, to which they give the names T. hivcrani 
and r. mesnili ; and in the remaining seven cases trypanosomes of 
other species not yet sufficiently differentiated.] 

[In April, 1905, Vassal^ discovered a trypanosome in the blood of 
a pheasant (Polyplccivum germani)^ caught near Nhatrang, in Annam. 
The bird was also heavily infected with intracorpuscular parasites. 
Vassal suggests the provisional name T. polyplcctri for this trypano- 
some.] 

[Petrie,“ at Elstree, in Hertfordshire, found trypanosomes in 
several species of birds — house-martin (Chclidon urbica), song- thrush 
(Turdus mnsicus), blackbird {Mernla mcrida), swallow {Hirundo 
rustica), chaffinch {Fringilla ccvlcbs), and yellow-hammer {Emberi::a 
citrinelhi). In every case the blood examination was negative, but 
the trypanosomes were found in the bone marrow. In one case, 
that of the house-martin, spirochaetes were present in the blood. 
All the house-sparrows, starlings, crows, and jackdaws examined 
were negative as regards trypanosomes.] 

[In the Anglo- Egyptian Sudan, Sheffield Neavc'^ found trypano- 
somes in the common vulture of Egypt (Neophron pcrcnopicrus) and 
the red-breasted shrike (Laniarius cruentm). These trypanosomes 
were very scanty in the birds’ blood.] 

[Wellman^ has found a trypanosome in the blood of an African 
dove (Treron calva) in Portuguese Angola.] 

[Sjdbring® states that trypanosome infection of birds is widespread 
in the neighbourhood of Saftstraholm in Sodermannland, Sweden. 
This observer found the parasite in nearly all passerine birds 
examined by him, with the exception of Corvus and Pica, The 
infection was apparently local, for it was not met with in other 
districts. No details of morphology are given, but it is simply stated 
that the forms observed resembled those of Danilewsky.] 

[Donovan® has recently described a trypanosome in the blood of 
the Indian kite (Milvits govinda).^ 

[Lastly, trypanosomes have been found in several species of 
South American birds. Aragao discovered them in Nicticorax 
gardenia in Brazil (thirty-seven birds infected out of forty-seven 
examined). Cerqueira^ found the same trypanosome in egrets; it 
appears to be identical with the T. avium minus of Danilewsky. In 
one specimen of Tachyphonniis ornata a different species of trypano- 
some was found.] 

’ [Vassal, C. A*. Sot\ BioL^ June 17, 1905, v. 58, p. 1014.] 

2 [Petrie, v. 5, 1905, pp. 191-200.] 

^ [Neave, Second Beport of the Wellcome Research Laboraloryy Khartoum, 
1906, p. 198.] 

J [Wellman, Trap. Med,, v. 8, 1905, p. 285.] 

^ IQuoted from the paper by Novy and Me Neal previously mentioned.] 

® LSce in Thiroux's paper, Ann, Im%, Fast,^ v. 20, 1905, p. 79.] 

[Cerqueira, Thhe de Rio de Janeiro-^ 1906; abstract by Marchoux in Bull, 
Inst. Pasl.y V. 4, p. 1041.] 



TRYPANOSOMES OF BIRDS 


443 


Section 2. — Morphology' and Cultivation of the Trypanosomes 

of Birds. 

The trypanosomes of the owl and roller-bird, studied by Dani- 
lewsky,^ appear as fusiform parasites (Fig. 59), with a tapering or even 
sharply-pointed posterior extremity which varies in length. The 
anterior extremity gradually tapers off, and is prolonged into a wavy 
flagellum of variable length, which gradually diminishes in thickness, 
so that at last it becomes a scarcely visible Filament. The flagellum 
is closely connected with the undulating membrane, which appears 
in the form of a hyaline, unstained border, more or less narrow, 
extending from the flagellum to the posterior extremity. The 
intimate relation between the flagellum and undulating merhbrane 



Fig. 5q. — Trypanosomes op Birds. (After Danilewskv.) 

1-3. Different adult forms. Between 2 and 3 is a red corpuscle of the bird, to give an 
idea of the relative sizes of the trypanosomes and red corpuscles. 4-7. Stages in 
the binary division of a trypano.some. 

is plainly seen on watching the movements of the parasite, arid 
Danilewsky draws particular attention to this point. 

Danilewsky figures the vesicular nucleus, which he says he saw 
very distinctly in the living state. The forms showing striations 
(Fig. 59, 2), which resemble the parasites seen in the Batrdchia, are 
rare. From the point of view of size the trypanosomes seen in the 
blood may be divided into two groups : one consisting of stumpy 
forms with a long flagellum, measuring 18 /* to 22 /a in length, not 
including the fiagellum ; the other of long forms 45 /x to 60 jx in length ; 
but transition forms also occur. In all the parasites the width is 
from 7 /A to 8 /A. 

Even in young roller-birds three or four days old the parasites 
are specially numerous in the red marrow of the bones, where many 
different forms are seen. ‘ In many cases,’ says Danilewsky, * when 
I found only one or two trypanosomes after a long search in the 
heart blood, I found many in the red marrow of the bones.’ There 
are cases, however, in which the 6lood contains many more parasites 
than the bone marrow. 

^ Danilewsky has confused in the same description, and under one name— 
T, avium — the trypanosomes of the owl and roller-bird, although they were 
probably different species. 
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Danilewsky describes in detail the longitudinal division of the 
parasite. According to his figures, which are reproduced here 
(Fig- 59* 4 to 7)* tho process is analogous to the unequal division of 
r. Icwisi ; one of the two trypanosomes retains the original undu- 
lating membrane and flagellum, while a new flagellum develops in 
the other parasite. Often before the two daughter trypanosomes 
separate, the one with the new flagellum starts dividing again. 

All these changes were studied by Danilewsky under the micro- 
scope, cither in hanging-drop or in ordinary fresh preparations. The 
division of a trypanosome into two usually takes from twenty to 
thirty minutes, or at the most an hour. It is, however, still a little 
doubtful whether this is the normal mode of reproduction of the 
trypanosome in circulating blood. 

Danilewsky also describes reproduction by a process of segmenta- 
tion, which he observed in blood kept for six to eight days at 22*^ C. 
in sterilized pipettes. A large spherical form, without trace of a 
flagellum, divides into two, then into four, and so on. A ‘ morular ’ 
mass is thus produced, containing thirty - two elements, which 
elongate, then become fusiform, and finally become transformed into 
an equal number of trypanosomes, with a fairly long flagellum, but 
no undulating membrane. It is to these forms that Danilewsky gave 
the name Trypanomonm, Knowing what we do now about the culti- 
vation of trypanosomes, it is probable that these masses of Tvypano- 
mona^ were really cultivation forms. It is much more difficult to 
admit that they were derived from the ‘ morular ' masses, as Dani- 
levvsky thinks. 

Trypanosoma avium, Danilewsky, Laveran emend. — One of us 
(/oc. cit.) has given the following description of the trypanosome of 
Syrninm ahico : 

‘In fresh blood the trypanosome of the owl appears as a very 
active worm-like body, with an undulating membrane and an anterior 
flagellum . 

‘ In blood dried, fixed, and stained by my ordinary methcjcl 
(silver oxide-blue, cosin, and tannin), I obtained excellent prepara- 
tions of the trypanosomes (see Fig. 6o and Fig. lo in the coloured 
plate). The trypanosome is fusiform; the protoplasm stains so 
darkly that the nucleus and centrosome are often scarcely visible ; 
the anterior extremity tapers off and terminates in a flagellum ; tlie 
posterior extremity is drawn out to a variable extent. About the 
middle of the parasite is an oval nucleus (/, n). The centrosome is 
spherical and fairly large (/, c), and when the posterior end is very 
pointed, the centrosome is situated a considerable distance from the 
tip. The undulating membrane is well developed and bordered by 
the flagellum, which joins the centrosome. Below the wavy flagellum 
a parallel line or striation is often seen, and this appears to be due 
to a fold in the membrane. These lines are seen in Fig. 6o, /, at 
the prominent parts of the undulating membrane. 
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‘ The trypanosome is from 33 to 45 ^ in length, including the 
flagellum. , 

‘ In one case (Fig. 60, -?) the centrosome had divided, which may 
certainly be looked upon as the beginning of a dividing stage. This 
is in agreement with the observations of Danilewsky, who saw only 
one mode of multiplication — namely, longitud(pal division — in the 
trypanosomes of birds. 

‘ The trypanosomes were scanty in the blood of the owl, and they 
were not more numerous in the kidneys than in the peripheral blood. 

‘ From the above description of the parasite it is evident that the 
trypanosome of the owl should be included in the genus Trypanosoma. 
It is highly probable that it is the same parasite as that seen by 
Danilewsky in an owl, and called by him Trypanosoma avium. I 
think that this name should -be adopted for the trypanosome of the 


Nucleus. 



c, Centrosome. ;/i, m'. Undulating memVirane. /. Flagellum. In .? the 
centrosome has divided. 


owl, and that it be left an open question whether the trypanosome of 
the roller-bird belongs to the same species or not.’ 

It is doubtless an allied species which Schaudinn observed in 
Athene noctua (see Chapter III.). 

Tkypanosoma yoiiNSTONi, Dutton and Todd, 1903. — Found in the 
blood of Estrclda cstvelda in Bathurst. 

The following description of the parasite and Fig. 6 t, arc taken 
from the authors’ paper : ^ 

' Only two to four parasites were seen in a coverslip preparation. 
In fresh preparations the parasite appears as a very actively moving 
spirillum-like body ; so striking, indeed, is this resemblance, that at 
first sight it was thought to be a true spirillum. The undulating 
membrane is scarcely recognisable, and the para.site has no free 
flagellum. When its movements have become slower, the organism 
is seen to possess a long straight <body, pointed at both ends. At a 
point about one-third of its length distant from the posterior end of 



446 TRYPANOSOMPS AND THE TRYPANOSOMIASES 


the parasite is seen a refractile spot, the centrosome. A little further 
on a slightly refractile area indicates the poi^ition of the nucleus. . . . 

‘ In stained preparations (see Fig. 6i, /) the above details are 
better seen. Along the free border of the undulating membrane 
runs the flagellum, stopping abruptly at the anterior end of the 
organism in a small red dot. The nucleus is elongated, granular, 
and does not quite extend across the short axis of the parasite. The 
centrosome is a small dot or oval spot of chromatin surrounded by a 
small halo. The protoplasm takes on a uniform blue colour, 

‘ The length of the parasite is from 36 fj- to 38 /a, and its width at 
the nucleus 1*4 /* to i‘6 The distance from the centrosome to the 



Fig. 61. — Other Bird Trypanosomes. 


I. T, johnstoni, 2. Another (;ambian trypanosome. 3. Trypanosome of the Indian 
pigeon. 4. Trypanosome of the Indian raven. «. Nucleus, f. Centrosome 
a. Anterior chromatic granule. /. Flagellum, Magnif. i.ooo diams. (i and 2 
after Dutton and Todd ; 3 and 4 after Hanna.) 

posterior end is io'4 fi. Distance from the centrosome to the centre 
of the nucleus is 9 fi to 10 /a. 

* No developmental or dividing forms were seen in any prepara- 
tion. Two larks were inoculated, each with 0-5 c.c. blood from this 
bird, but unsuccessfully.’ 

Another Gambian Trypanosome — Trypanosome of the 
Pigeon and Raven of India. — These trypanosomes, instead of 
being very thin and elongated, like T. johnsto?ii, are short and 
stumpy, and have a free flagellum (sec P'ig. 61, ^ to 

[The table on the opposite page,^ based upon those of the authors 
and of Thiroux, gives the most important dimensions of these three 
trypanosomes, as well as of several of the other bird trypanosomes 
hitherto described. 

1 [It must not be inferred that all the trypanosomes mentioned in thi.s table are 
regarded as distinct species.] 
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These dimensions are the length of the bodj^ without free rtagelhnn. In the erase of 7 '. /«rr /■«/// and 7 ', lucsttii. 
the free nagellum was not stained, hut Xovy and MeXeal think one was present. 

In the two Indian species, especially that of the pigeon, the 
posterior end is drawn out to a very fine point. Although these 
trypanosomes are of about the same length, they differ markedly in 
two respects : (i) the parasite of the raven is half as wide as that of 
the pigeon, and (2) the centrosome of the former is only half as far 
from the posterior end as it is in the latter. !K more detailed com- 
parison between these two species is not possible, since Ross's pre- 
parations of the raven’s blood in which Hanna studied the parasite 
have faded. 

The trypanosome of the pigeon (Fig. 61, j) has a very small 
centrosome, situated in the centre of a clear vacuole; a well-defined 
undulating membrane, with a short free flagellum ; and a thin ribbon- 
like nucleus, extending across the width of the body. In the homo- 
geneous or longitudinally striated cytoplasm there are s<iveral 
chromatic granules, which are particularly numerous near the 
posterior end. 

The parasites were always relatively scanty in the blood of the 
pigeons, and Hanna did not observe any dividing forms. 

The parasite of the small birds (gen. Estrdda and Crithalda) of 
St. Louis and Bathurst (Fig. 61, 2) differs from the^ foregoing iri its 
very blunt posterior end and in the terminal position of the centro- 
some. The body stains a deep blue, and shows an appearance of 
longitudinal striation. The nucleus is large and elongated trans- 
versely, and its chromatin stains diffusely. The relatively large 
centrosome is in the centre of an unstained vacuole. The free 
flagellum is much longer than in the foregoing species. Dutton and 
Todd did not see any developmental or dividing forms. Two pigeons 
and two larks were inoculated without success. 


7 '. aviuw (large type) 
(Novy and McNeal). 
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Trypanosoma padd.v.^ Laveran and Mesnil. — In May, 1904, 
Dr. Levaditi discovered, in the blood of a Java sparrow (Pculda 
oryzivora) bought in a shop in Paris, a trypanosome for which we 
propose the name T. paddu\ Dr. Levaditi kindly gave ns the in- 
fected bird, which enabled us to study this new trypanosome. 

The Padda oryzivora is very often infected with an intracorpuscular 
hsematozoon, Hwinauiaha danilcwskyt,^ V>ut the occurrence of trypano- 
somes in the blood of these birds must be very rare. One of us had 
examined a large number of them, but had never before seen trypano- 
somes in their blood. 

r . paddee is 30 /* to 40 ijl long, by 5 /* to 7 wide. These measure- 
ments vary a little, because the parasite is constantly contracting 
and elongating. 

The body of the parasite is fusiform, bulging more or less 
towards the middle. The anterior end, which is always very 
attenuated, accompanies the flagellum almost to its tip. The pos- 
terior end, which varies, a little in shape, is usually very sharply 
pointed.- There are fine longitudinal striations on the surface of 
the body. In the protoplasm fine granules arc seen, in addition to 
the nucleus and centrosome. In front of and behind the nucleus 
clear spaces, which are quite as large as the nucleus itself, can 
be made out in lightly stained preparations. The nucleus is 
situated about the centre of the body, and stains only moderately 
well by our ordinary method. The centrosome is large and rounded, 
and stains a deep violet. It is situated a variable distance from the 
posterior end, according to the state of contraction or elongation of 
this extremity ; but it is sometimes nearer the nucleus, especially in 
forms about to divide. The undulating membrane is narrow and 
much indented, and is so thin that it remains uncoloured, even in 
the most carefully stained preparations. The free and attached 
parts of the flagellum are thin. 

[Thiroux, from whose paper^ the following additional facts con- 
cerning T.paddcc are taken, states that the nucleus, flagellum, and 
undulating membrane stain feebly by the ordinary methods, but 
that better results are obtained by staining at a temperature of 53° 
to 54° C.] 

[Multiplication forms are seen only in birds that are heavily 
infected. Equal binary longitudinal fission is the usual mode of 
reproduction, but sometimes unequal fission is observed. At first 
the centrosome enlarges and becomes fusiform, and simultaneously 
the adjacent base of the flagellum broadens out. Then the flagellum 
begins to split, and at the same time the centrosome and nucleus 
segment, and lastly the protoplasm divides.] 

f 

^ Laveran, Soc. de BioL^ April 30, 1898, and January 13, 1900. 

2 The posterior end is sometimes as pointed as the anterior, so that in badly 
stained preparations in which the flagellum is not visible, one might think that 
there was a dagellum at each end of the parasite. 

[Thiroux, Ann. /ns/. Pas/., v. 19, February, 1905, pp. 65-83.] 
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[Agglutination of Trypanosoma paddce. — Agglutination rosettes, 
similar to those seen in the case of 7 \ lewisiy may be produced by 
adding a drop of blood from a bird which has recovered from the 
infection, or in which the infection is of long standing, to the blood 
of a bird rich in parasites. The serum of normal birds does not 
agglutinate. As with T. lewtsi, the trypanosomes are joined by 
their posterior ends, the flagella remaining fre^ and active at the 
periphery of the rosettes. Auto-agglutination is often seen in birds 
whose blood contains very many parasites, and it appears that in 
such cases the parasites diminish in number more quickly than when 
auto-agglutination is absent.] 

[T. padded dies in thirty hours in blood mixed with i per cent, 
citrate at o*^, 22°, or 35° ( 3 ., but remains alive in cultures for a long 
time.] 

[Cultivation ok Trypmtosnina paddcc, — Thiroux succeeded in 
growing this trypanosome artificially on a modification of Novy and 
McNeal's medium.] 

[The inetliuni was blood-agar containing 30 gramm(\s of agar per litre, 
and an irquid voluine, or one and a half times its volume, of defibrinated 
goose blood. Pigeon l)l()od was found not to aiiswtT. The water of con- 
deaisation was inoculated with the heart l)lood of a padda containing 
trypanosomes. At 37“ C. the trypanosomes begin to multiply in the 
water of condensation in eight or nine days, and reach their maximum 
development in twelve to fifteen days. Involution forms then appear in 
the culture, but the trypanosomes remain motile fijr more than forty days. 
Successix e subcultunjs on blood agar were also made, and these showed 
very active reproduction of the trypanosomes. | 

[In young cultures the trypanosomes are fusiform, more or less 
granular parasites, with a flagellum at the anterior end, but without any 
trace of an undulating membrane. They x ary in length from 12 jl to 30 //. 
and in width from 1-5 fi to 5 fi. The larger forms often have two flagelhl. 
In cultures fifteen or more days old numerous invoUiliun forms are seen in 
addition to the J fcrpclotnonas-Uka parasites. These involution forms assume 
all stages from a fusiform to a spherical shape. In very old cultures the 
spherical, and occasionally also the fusiform, parasites present a moriilar 
appearance, due to the segmentation of the protoplasm. Thiroux suggests 
that this may represent the beginning of an encysted condition and the 
appearance of ‘ resistant spores.’ This idea is apparently confirmed by 
the fact that the Hevpetomonas, which are closely allied to the trypanosomes, 
particularly in their culture forms, have analogous resisting forms. 

[The parasites are not easily stiiined in liquid cultures, but satisfactory 
results can be obtained by fixing thin films in absolute alcohol and staining 
by the eosin-Borrel-blue tannin method. The fusiform parasites have the 
nucleus near the anterior end of the body, while the centrosome, with* the 
attached flagellum, is between the nucleus and the anterior end. This 
gives the parasites an appearance like that of llefpetomonas rather than of 
trypanosomes. These cultural forms are similar to those of the Leishman- 
Donovan bodies. The ainceboid involution forms seen in very old cultures 
are often devoid of a nucleus, but contain large chromatic granules.] 

[Agglutination may be produce'd in cultures of T. padda by adding 
a drop of blood from a bird that has recovered from the infection or that 

* [Pruwazek, Arb. a. d. kaiserl. Gesund,, v. 20, part iii., 1904, p. 440.] 
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has been infected for a considerable time and has very few parasites in its 
blood. The blood of healthy birds has no such effect. Rosettes form in 
from five to fifteen minutes, and all the parasites have their flagella directed 
towards the periphery.] 

[Auto-agglutination is seen in cultures, as it is in the blood of birds that 
are severely infected.] 

[Inocui.ation £xpekimknts. — This was the first trypanosome 
of birds to be .successfully inoculated into animals (1904). Since 
Thiroux’s experiments, Novy and McNeal have succeeded in inocu- 
lating a canary with T. avium.] 

[Pacidas . — Thiroux was able to transmit the infection from one 
padda to another by means of subcutaneous, intramuscular, intra- 
venous, or intraperitoncal injections of infective blood. Intraperi- 
toneal inoculation was the most reliable method, the incubation 
period varying from twelve hours to eighteen days. After sub- 
cutaneous injection the incubation period was never less than twelve 
days. The infection produced varied considerably in severity. In 
some cases it was ver}' slight, and only an occasional parasite was 
found in blood - films ; in other cases the parasites were very 
numerous — sometimes even equalling the red blood- corpuscles in 
numbers — and in such cases the bird.s usually died of the infection. 
In an average case, of moderate severity, after a variable incubation 
period, which, however, was usually short, the parasites increased 
progressively in number for nine to fifteen days and then diminished, 
the infection remaining stationary sometimes for more than forty 
days. Ultimately the parasites very gradually disappeared, and the 
infection sometimes remained latent for two or three months, 
trypanosomes being only very rarely seen in the blood. The long 
duration of this latent phase makes it impossible to study the im- 
munity produced by an attack, for one can never be certain that a 
bird is really cured.] 

[After a severe infection of long duration the spleen is often 
enlarged considerably. Many parasites are present in the spleen 
and bone marrow, but apparently not more than were present in the 
blood during life.] 

[Thiroux found all paddas more or less susceptible to intra- 
peritoneal inoculation with this trypanosome.] 

[Intraperitoncal injections of cultures of T. padda* also gave rise to 
infection. The incubation period varied from fourteen to eighteen 
days, and the infection was ahvays mild. Very few parasites were 
found in the blood, and they did not differ in appearance from those 
seen in paddas which were infected directly with blood.] 

\Other Birds . — The following species of birds were also found 
susceptible on intraperitoneal inoculation : Serimis meridionahs, 
S. canarius, Lagonosiicta minima^ Mariposa phosnicatisj and Estrelda 
cinerea. The following birds were found insusceptible: Geese, 
pigeons, Fringilla ccelcbs. Passer domcsticus. Ember iza citrinella, and 
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Pytelia suhflava. It is interesting^ to note that, although the goose is 
refractory to inoculatior^, T. pacldcc is able to grow artificially on 
media containing goose blood,] 

[It follows from Thiroux’s observations that one species of 
trypanosome can infect several species of birds ; also that one 
species of bird may be susceptible to different tPipanosomes. Thus, 
the canary, which is susceptible to T. puddev, is, according to Novy 
and McNeal, equally susceptible to 7\ avium. Also 7'. piuUhc may be 
inoculated into birds of the genus listvclda, which Dutton and Todd 
found to be naturally infected with 'l\ johmtnni. ] 

[The rat, mouse, and frog were found to be refractor}' on 
inoculation.] 

[Levacliti^ and Sevin- have, studied the action of normal serums on 
T. paddte. They found that the serum of a normal guinea-pig (which is 
refractory to T. padda) agglutinates only slightly, hut that the same serum 
heated to 50° C. agglutinates well. The explanation seems to be that 
normal guinea-pig serum contains a thermo-labile anti agglutinin. If a 
trace of fresh guinea-pig serum is added to the heated serum agglutina- 
tion is prevented.] 

[The serum of the rat, which is also refractory to T, paddw, can 
immobilize and disintegrate this trypanosome. Under these conditions the 
trypanosome becomes spherical and vacuolated, and shows only a vestige 
of Hagellum. and undulating membrane. This trypanolytic property of rat 
serum disappears when the serum is heated to 56° C. It cannot be 
restored by adding the fresh serum of another species of animal. Seviii 
has found that this heated serum favours the trypanolytic action of the 
same serum unheated.] 

[According to Levaditi and Sevin, animals which are normally resistant 
to T. paddu' may be divided into two groups : (i) Those whose serum is 
not agglutinating or paralyzing, as, for instance, mice ; and (2) those whose 
serum has a trypanolytic action, as, for example, white rats. Tn group (i) 
the trypanosomes injected intraperitoneally at first show signs of multipli- 
cation by fission, and later on become, while still living, the prey of the 
phagocytes. In group (2) the trypanosomes injected are rapidly destroyed 
and show no signs of multiplication.] 

[Now AND McNeal's Observations on the Trypanosomes of 
Birds. — As has already been stated, these investigators have found 
that trypanosome infections of birds are very common and wide- 
spread. The methods they used included the direct detection of 
trypanosomes in the blood, cultivation, and the inoculation of birds 
with pure cultures. The detection of trypanosomes in fresh blood- 
films was not easy, owing to the extreme scarcity of the parasites ; 
yet this method was, as a rule, more delicate than the examination of 
stained films. Nocht’s modification of Romanowsky’s stain was 
used. It was found, however, that these bird trypanosomes did not 
stain so well as 7. Iciojisi or T. briiceiy for it was the exception to find 

^ [Levaditi and Sevin, C. R, Soc. Bioi., v.»58, 1905, pp. 694-697.] 

2 [.Sevin, ibtd.y v. 59, 1905, pp. 122, 123; abstracts in BuiL Bis/. Past., v. 3, 
pp. 578, 804.] 
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specimens with well-stained nucleus and flagellum. Even when no 
free flagella could be seen in stained specipiens, they could be seen 
in fresh blood-films.] 

[The cultivation method proved to be far superior to direct 
examination, inasmuch as it rendered possible the isolation of the 
trypanosomes when apparently none could be detected by the micro- 
scope. In cultivating the trypanosomes it is a mistake to have the 
meat - extract too concentrated. This is particularly true of the 
initial or first generation.] 

[The best formula is the following: The extractives of 125 grammes 
of rabbit or beef meat in i litre of distilled water, 2 per cent. Witte’s 
peptone, 0*5 per cent, salt, 2 per cent, agar, and 10 c.c. of normal sodium 
carbonate solution. The agar thus prepared is filled into tubes, anrl 
sterilized in the autoclave at iio^ C. for thirty minutes. When cO()led to 
about 50° C., 2 volumes of defibrinated rabbit’s blood are added, and the 
mixture is then allowed to solidify in an inclined position. When firmly 
set it is placed upright for a few minutes until a few drops of water of 
condensation appear. This litjuid is then inoculated with a drop of blood 
taken from the heart of the bird by means of a fine pipette.] 

[The cultures of the bird try])anosomes usually develop very 
quickly at 25° C. As a rule, growing trypanosomes can be recog- 
nised on the third day. On the sixth or seventli day they arc 
usually extremely abundant and very actively motile. After this 
they diminish in number, and involution forms appear. Sometimes 
colonies are formed on the agar above the water of condensation. 
Subcultures succeed well as a rule. By means of the cultural 
characteristics it is possible to differentiate the bird trypanosomes 
from one another, as well as from the mammalian trypanosomes 
( 7 \ lat'isi, T. bnicci, and 7 \ evansi),] 

[Novy and McNeal consider that they have investigated at least 
four distinct .sj)ccies. The one most frequently met with (in twenty- 
five out of thirty-eight birds infected) they identify with Danilcwsky's 
T, avium. Two types of this trypanosome were found in the blood, 
corresponding closely to the maju^ and minus of Danilewsky. These 
two types belong to the same species, and always give rise to the 
same cultural forms. Novy and McNeal regard the large form as 
a multiplication, or possibly sexual, type of the smaller and more 
common form.] 

[The large form varies considerably in length : body 35 fi to 65 fi, 
free flagellum 15 /a to 20 fi. The width is 5 /m to 7 /x. The centrosome 
lies close to the nucleus and is in a large clear space. The nucleus 
stains badly. Six or eight well-marked striae or myoncmes are 
present along the entire length of the body. The posterior end is 
long and tapering. In the living condition the contortions of the 
parasite are very active, but there is little tendency to travel out of 
the field of the microscope.] * 

[The small form is the most common one met with in the blood 
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of birds. The total leng^,h, flagellum included, is about 25 h- to 30 /x, 
the body proper being about 20 fi long. The width ranges from 
3-5 /X to 5 /i- In some parasites the centrosome appears to be at the 
very tip, in others it is 4 /x or 5 /x distant. Novy and McNcal suggest 
that the larger of the small forms, with its centrceome at a distance 
from the tip, constitutes a transition to the large form, which has its 
centrosome close to the nucleus.] 

[This smaller variety is thought to be identical with Laveran’s 
T. avhtm found in the owl (see p. 444), and also with the short, broad 
trypanosome found by Dutton and Todd in Senegambia. Hanna’s 
Indian bird trypanosomes Novy and McNeal identify with their large 
form of 7 \ avium. T. johmtoni ( Dutton and Todd) they regard as a 
distinct species ; and T. pacUUc they regard as being culturally 
distinct from 7 '. avium, and as closely resembling 7 '. laverani.] 

\ C V LTU K AL C II A K ACTE KiSTics OF Trypanosoma avium. — T wo 
types of parasite arc seen in cultures: (i) Round, oval, or spindle- 
shaped cells, with the centrosome by the side of, or anterior to, the 
nucleus. These are arranged in rosettes — simple or primary and 
multiple rosettes — in which the flagella are directed centrally, as in 
the culture or ‘ multiplication ’rosettes of T. Icxchi ; and (2) extremely 
slender, long, wavy, darting forms — the spirochtetiforrn parasites of 
Schaudinn. These ‘ spirochfetes ’ have a well developed undulating 
membrane, the centrosome lying in the posterior part of the body. 
They are often joined by their posterior ends, the flagella being 
directed peripherally (‘agglutination rosettes’). It might be sup- 
posed, say Novy and McNeal, that the rosette and spirochcctc forms 
represent two distinct species ; but on various grounds (the two 
forms were met with in every one of tlui eigliteen strains examined, 
etc.) they arc of opinion that the two forms belong to one 
species.] 

[Injections of these cultures into birds were not very satisfactory. 
Only one canary out of many birds (canaries, robins, sparrows, etc.) 
injected became infected.] 

[Tuypanosoma m ESN ha, Novy and McNeal, 1905. — This try- 
panosome was met with in the blood of a hawk {Hutco Imeatus). 
It differs morphologically from T. avium, and an even greater 
difference can be seen in cultures. This trypanosome is character- 
ized by its large size, and by a wide, rounded posterior extremity. 
Its dimensions arc given in the table on p. 447. The cytoplasm 
stains deeply and is coarsely granular.] 

[Cultures grow very rapidly and show two types of cells, re- 
sembling in a general way those qiet with in T. lewisi and 7 . avium : 

(1) Small cells, 10 /x to 12 /x, even 15 /x, long, by 4 /x to 6 fx or 7 /x wide. 
The rapidly growing cells are much smaller, and have a very short free 
flagellum ; the fully developed cells *have a free flagellum about as 
long as the body. These cells form the multiplication rosettes. 

(2) Large cells, 20 /x to 25 /x long, by 4 /x to 6 /x wide ; free flagellum, 
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17 fi to 20 fi. These correspond to the spirpchaete stage of 7\ avium, 
but they arc shorter and wider, and have a very long free flagellum. 
These cells form the typical agglomeration rosettes, with the flagella 
directed peripherally.] 

[Injections of these cultures were made into an owl and three 
chickens, but unsuccessfully.] 

[Trypanosoma laverani, Novy and McNcal, 1905. — This try- 
panosome was met with in the blood of a goldfinch {Spinm trisih). 
In size it agrees with the smaller variety of 7\ avium (see table on 
p. 447). The posterior end is very pointed; the posterior part of 
the cell is coarsely granular.] 

[In artificial culture growth is very slow and scanty. The 
rosettes are smaller and less numerous tlian in l\ avium and 
T. mesnili. The characteristic feature of this trypanosome is the 
presence of a terminal rod, which usually lies against the wall at 
the posterior end of the cell. This rod is best seen when division is 
about to occur. Many free forms arc seen in cultures. They are 
either typical spindle-shaped cells, 14 p to 20 /i long, by 4 to 5 p in 
greatest width, with a long free flagellum ; or slender cells, 20 p to 
25 p long, by 2’5 p to 3 p wide, and with a shorter free flagellum.] 

[7 Vn /'M V050.V/1 sp. (?). — This trypanosome was obtained twice 
from blue jays and once from a rusty blackbird. It was got only 
by cultivation, and although Novy and McNcal feel sure it is a 
distinct species, they have not yet named it. (Growth is rapid ; 
rosettes arc very scarce, the free forms predominating. These are 
wide, actively motile cells, about 15 p long, by 3 p or less in 
width.] 

[Rclaiion of Trypanosomes to other Blood Parasites , — Many of the 
birds inoculated by Thiroux with T. padd<a had a double infection 
with the trypanosome and llalteridium. From his experiments upon 
paddas and canaries Thiroux has come to the conclusion that 
T. paddee and H. danilewskyi have no relation to one another, that 
their respective life cycles are quite distinct, and that the birds are 
really suffering from a double infection. Novy and McNeal have 
come to the same conclusion with regard to T, avium, and the various 
intracorpuscular ha:*matozoa met with by them in birds. Reference 
has already been made (see p. 45) to their interpretation of Schaii- 
dinn’s observations. They maintain that 7\ noctuee and Spirochccta 
ziemanni of Schaudinii probably represent trypanosomes which have 
multiplied in the mosquito ; they arc not to be considered as stages 
in the life-history of cytozoa. The facts that the same species of 
bird may be infected by several species of trypanosomes ; that the 
trypanosomes may or may not be associated with intracorpuscular 
parasites ; that no constancy can be shown to exist between a given 
trypanosome and a given cytozoon ; and, lastly, that birds infected 
only with- cytozoa do not give rise to cultures of trypanosomes, even 
when many mature gametes are present, have led Novy and McNeal 
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to conclude that the sinlultaneous presence of trypanosomes and 
other blood parasites is to be regarded as an accidental coincident 
infection, and that there is no genetic relation between the 
parasites.] 

POLYPLECTRf, Vassal, 1905.— ^The dimensions of 
this trypanosome are given in the table on p. 447. In the fresh con- 
dition it is very active, but docs not move much from place to place. 
It has a long, pointed posterior extremity, and sometimes there are 
granules between. the centrosome and the posterior end of the body. 
Multiplication takes place by simple binary fission. As has already 
been mentioned (p. 442), this trypanosome was found by Vassal near 
Nhatrang, Annarn, in a pheasant, which was severely infected with 
intracorpuscular htematozoa. Vassal has given it the provisional 
name T. pnlypleciri, but he adds that in the light of Novy *and 
McNeaPs observations it is wise to keep an open mind upon its 
specific individuality until a more complete study of it has been 
made.] 

[Trypanosomks of IJirds in the Anglo-Egvptjan Si;dan. 
— Neave found trypanosomes in several vultures and in a red- 
breasted shrike. The dimensions of these parasites are given in the 
table on p. 447. The trypanosomes found in tlie blood of vultures 
were about as large as the large form of 7\ avium described by Novy 
and McNeal. The posterior end was very pointed, and was appa- 
rently prolonged into a flagellum 4 to 6 long.] 

[The trypanosome of the shrike was considerably shorter than 
that of the vulture (sec p. 4*17). Its centrosome wtis rod-shaped, 
and Neave states that he is unable to identify this trypanosome with 
any previously described species.] 

[Trypanosome of the African Dove (Wellman). - -This try- 
panosome is short and stumpy. The nucleus lies with its long axis 
(longest diameter about 6 fi) across the width of the body. Faint 
longitudinal striae or myonemes are present. The cytoplasm con- 
tnins fine granules. The dimensions of the parasite are given on 
p. 447.] 

[Trypanosome of Nicticonix. — This trypanosome, discovered by 
Aragao in Nicticorax gardenia in Brazil, has been further studied by 
Cerqueira. It appears to be identical with T. avium minus' of 
Danilewsky, and belongs to the type Icwisi, Cerqueira found that it 
grew well in Novy and McNeal’s medium in three days. Three 
types df multiplication forms are described : (i) ordinary trypano- 
some forms; (2) SpirochcetaAike forms; and (3) large and small 
spherical forms.] 

[Attempts at artificial infection gave negative results.] 

To sum up, the trypanosomes of birds known up to the present 
belong to three different types : 

I. Trypanosomes of the type Icwisi of rats ; 
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2. Trypanosomes of the type rotatoriuuf of the frog; and 

3. Long, thin trypanosomes without free flagellum, of a distinc- 

tive type. 

Concerning the natural mode of spread of the infection we have 
only Schaudinn’s work, mentioned in Chapter III. ; he regards Culcx 
pipiem as the carrier of the infection. [We have seen, however, that 
this is doubted by several authorities.] 



CHAPTER XV 

TRYPANOSOMES OP' REPTILES 

Untii- 1902 \vc knew nothing definite about the trypanosomes of 
reptiles. It is true authors mentioned that the tortoise served as a 
host to trypanosomes, but they gave no exact details. P'rom the 
existence of flagellates with undulating membrane in the digestive 
tract of Ixodes icsiudinis, an acarine ectoparasite of tortoises, Lcydig^ 
concluded, without positive proof, that they existed in the blood of 
the tortoises. 

Later, Kunstlcr- writes: ‘ In the blood of the mud tortoise there 
occurs a parasite which, 1 think, is allied to Trypanosoma.'' 

In 1902 we found on two occasions out of four in an Asiatic 
tortoise, Damonia reevesii, a trypanosome which we have described 
under the name 7'. damoniaj^ We reproduce here our description, 
with diagram (Fig. 62, and Fig. ii in the coloured plate) : 

‘ In the two infected tortoises T. damonice was very scanty in the 
blood. It measures 32 fi in length (including the flagellum), by 4 /t 
in width. In stained preparations it is easy to see that T, damonicc 
has the typical structure of the genus Trypanosoma. The body of 
the parasite is usually curved, and the anterior extremity ends in a 
flagellum (/). Towards the middle of the body is an oval nucleus 00 , 
in which the chromatin is in the form of granules of variable size. 
Near the posterior end is the centrosoine (c), which is clearly visible, 
while the convex border of the parasite is furnished with a festooned 
undulating membrane (;;/). The flagellum starts from the centro- 
some, and borders the undulating membrane. The protoplasm is 
finely granular with some larger granules, especially in the posterior 
part. 

‘ We have not seen any multiplication forms. We may add that 
T. damonicc is relatively stumpy, compared with the species found in 
fishes and mammals. It is intermediate between these and the 
T. rotatorium of frogs.’ 

In their paper on the trypanosomes of Gambia, Dutton and Todd 
state that they saw trypanosomes in snakes and tortoises. They 
give no details — neither of the snakes infected nor of their parasites. 

' Lcydig, Lekrbuch der i8S7» P- 34^- 

2 Kunstler, C. A*. Acad Scic/ices, v. 97, 1883, p. 755. 

^ Laveran and Mesnil, C. A'. Acad. Sciences, v. 135, October 20, 1902, p. 009. 
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Upon the subject of the trypanosomes of tfie tortoise they write as 
follows : 

*Two tortoises obtained from the marshes at Cape St, Mary, out 
of several examined, contained trj'panosomes in their blood. Their 
blood was constantly examined during a period of three months, but 
only occasionally were parasites seen, and then only in small numbers. 

Two varieties were observed. One was a 
long thick form ; the other, short and 
slender, possessed a comparatively broad 
undulating membrane, which extended the 
whole length of the organism. 

‘The few parasites seen in stained 
films of blood from these tortoises have 
not been sufficiently perfect to permit 
their detailed description.’ 

Dr. Simond has shown us a drawing 
of a trypanosome which he observed in 
the blood of a tortoise at Agra, in India, 
probably Emys or Kachuga fee linn. 



Fro. G2. -Trypanosoma 

DAMONI/K. 

, Nucleus. r. Centrosome. 
m. Undulating membrane. 
/. Flagellum. 


(iehrke^ has recorded the occurrence of 
a trypanosome in a gecko. 

[Minchin, Gray, and Tulloch,- while looking for a possible verte- 
brate host of the trypanosomes of tsetse-flies (see Chapter XVIII.) 
in Uganda, on one occasion found a trypanosome in a film of 
crocodile’s blood. Beyond its large size and general resemblance to 
other reptilian trypanosomes, it was not possible to make out any 
details of structure in this parasite, as the blood-film was not very 
well preserved.' These observers found that a ha^mogregarine was 
quite common in the blood of crocodiles.] 


[Trypanosomk of the Lizard. — Quite recently G. Martin^* 
has described a trypanosome which he found in a lizard, Mabuia 
raddonii, in French Guinea.] 

[This trypanosome differs from T. danionice in appearance, and 
resembles the flat form (without ridges) of T. rotatorium of the frog. 
Examined fresh, the nucleus and centrosome are not easily made 
out; the flagellum never extends beyond the limits of the body. 
When stained, the protoplasmic body of the parasite measures 40 
in length, by almost as much in width. The nucleus is long and 
thin, and curved or arched, as in T. borreli of the frog (see next 
chapter). It stains uniformly pale, violet, except for one or two 
darker spots. As in T. borreli^ the centrosome stains deeply, and is 

^ Gehrke, Deutsche meet. Wochensclir.^ 1903, ver.-beil., p. 402. 

[Minchin, Cray, and Tulloch, Sleeping Sichness Commission Reports^ No. 8 , 
1907, p. 130 ] 

^ [G. Martin, C R. Soc. Biol., v. 62, 1907, pp. 594-596.] 
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in contact with one end of the nucleus. The undulating membrane 
begins in the centrosome, and in its general direction describes an 
arc of a circle ; it presents few folds.] 

[Martin has given the name T, boueti to this trypanosome.] 

[Robertson 1 has described, under the name T. pythonis, an endo- 
corpuscular parasite in a python from Gambia. It has all the char- 
acters of a hccmogregarine, but possesses, in addition to the nucleus, a 
chromatic dot like the centrosome of a trypanosome, which is joined to 
the nucleus by a filament. Mesnil thinks it is premature to call this 
parasite a trypanosbme.] 

We know nothing about the mode of propagation of the trypano- 
somes of reptiles. It is very probable that it takes place by means of 
ectoparasites, acarinc or blood-sucking, which are not rare upon the 
bodies of reptiles. 

- [Robertson, Roy. P/iys. Socy. Etiin.y v. 16, i()o6, pp. 232-247.] 



CHAPTER XVI 


TRYPANOSOMES OF BATRACHIANS 

Section 1.— Historical and Geographical Distribution. 

One year after the discovery of the first trypanosome — that of the 
trout — by Valentin, Gliigc,' in 1842, recorded the presence, in the 
blood of frogs, of another of these parasites. He described it as a 
fusiform microscopic organism with pointed ends, having on its side 
three projections — probably the undulating membrane — which were 
endowed with very active mobility when the parasite moved from 
place to place. The body was transparent, and showed no trace of 
structure. 

The following year the same parasite was studied by Mayer and 
Gruby. In July, 1843, Mayer- described it under two names: 
Amoeba rotatoria^ a pointed parasite with two extremities; and 
Paramaxinm loricatiim or costatiim;^ an ovoid form without free 
llagcllum (the drawing is quite definite upon this point). In 
November, 1843, Gruby ^ gave a fairly complete description of the 
same trypanosome, and we reproduce it here in part : ^ Its elongated 
body is flattened, transparent, and twisted like a wimble ; its head 
end terminates in long slender filaments, as also docs the tail end. 
The parasite is from 40 /a to 80 /x long, and 5 to 10 /x wide. The 
filamentous, pointed head end is very actively motile, the length of 
this filament being 10 ^ to 12 /x. The body is elongated, flattened, 
and serrated like the blade of a saw along one of its borders. As I 
mentioned above, it is smooth and twisted two or three times 
around its long axis like a wimble or a corkscrew, and on this 
account I propose to call this hjematozoon Trypanomna' 

The description is fairly precise, but the figures are not so 
accurate as those of Mayer. Gruby called this species T, sanguinis. 

In 1850 Chaussat,'^ repeating the observations of his predecessors, 

^ Gluge, ATuller\% Archiv^ v. 9, 1842, p. 148. 

- Mayer, ‘ De Organo Elcctrico et de Haematozois,’ Bonn, July, 1843. 

^ In ihe text the name loricaUmi occurs ; in the description of the plates, that 
of costatum. 

Gruby, C. R. Acad. Sciences^ v. \7, 1843, p. 1134. This note is reproduced 
in Ann. Sc. mitur. Aool.^ 3rd series, v. i, 1844, p. 104, where it is illustrated by 
six figures, which prove that the author saw long thin forms and short stumpy forms. 

® Chaussat, ‘Thesis for the Faculty of Medicine,’ Paris, 1850, No. 192, 51 pp- 
and 2 plates. 
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described and figured the trypanosome of frogs, his figures being 
distinctly better than those of Mayer. He has accurately drawn 
and correctly interpreted Jhe change of shape into a spherical form 
with loss of flagellum. 

In the same year, 1850, WedU again recorded the existence of 
the trypanosome of Kana esciileiita, and described for the first time a 
trypanosome identical with the preceding in the*blood of the green 
frog {Hyla viridis). His paper gives good figures of the various 
forms of these trypanosomes. 

In 1870 Lieberkiihn-^ figured and described under the name 
Monas rotatoria a parasite in the blood of the frog which was 
evidently a trypanosome. 

In 1871 Ray Lankester*^ rediscovered the same species in R, cscii- 
knta, and gave it the name IJndiilina ranariim. 

In 1875 Riittig^ gave a further account of the parasite, and studied 
the action of the following reagents upon it : alkalies, distilled water, 
acetic and hydrochloric acids (which kill it almost immediately), and 
salt solution, which in a strength of J or I per cent, acts upon it 
more slowly. 

Gaule"’ devoted himself especially to establishing the non-parasitic 
nature of tr\ panosomes, a suggestion which had already been brought 
forward by Milne-Edwards, Kemak, von Siebold, and Stein. He 
endeavoured to establish a relation between these organisms and the 
normal elements of frog’s blood. Only the figures which illustrate 
this paper are of any value, and two of them (iii. and v., in Fig. 2) 
are good. 

In i88r-i88j Grass! ^ recorded the presence of T, san,i(uinis, Gruby 
in llyla viridis, Bufo vulgaris, and R. cscitlcnia. He created iir 
addition the genus Parainaxididcs for the representatives of the 
family of Trypanosomata (S. Kent) with undulating membrane but 
without trace of flagellum, and he recorded a species of this genus 
{Parama'cioi'dcs costatus, n. sp.) in the blood of A*. csculcnUi, F'rom this 
author’s description and figures — a cell with a narrow and undu- 
lating lateral expansion extending from the anterior extremity to 
about the middle of the body — he was evidently dealing with the 
‘ribbed’ form of 7\ sanguinis, which had assumed a spherical shape. 
The globular form of Amceba rotatoria of Mayer resembled Para- 
mci'cium costatum. 

Danilewsky," hrst in 1885 and later in 1888, gave numerous 

* Wedl, Denksehr, Akad. Wien., v. 1, 1850, i plate. 

- Licbcrkiihn, Ueber Beve^^rn^serscheinitn^en der Zcllcn, ATarburjf and Lelj)zig, 
1870, Table II., Fig. 17 (quoted by succeeding writers). 

3 Rav l-ankester. Quart. Journ. Alter. .SV., v. ir, 1871, p. 387. 

^ Riittig, Inaugural Dissertation, Berlin, 1875 (quoted by succeeding writers). 

J. (iaule, of Leipzig, Arch.f. A/iatk u. Physiol. {Physioloi^. Abth.), 1880, p. 375, 
1 plate. 

® Cirassi, Arch. ital. Biologic, v. 2, p. 426, and v. 3, p. 23, 1883; also Alii Soc, 
Hal. d. sc. Nat. Milano, v. 24, 1881, p. 135.^ 

Danilewsky, Biol. Centralb., v. 5, November 1,1885, p. 529 ; also ‘ Nouvellcs 
Recherches sur les parasites du sang des Oiseaux,* Charkov, 1889. 
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details of the T. sanguinis of Gruby which he observed in the blood 
of R, csculenta, R, temporayia, Hyla arborea, and of tadpoles. In the 
frog he distinguished at least four varietie*o. We shall return to this 
again when speaking about the morphology of the parasite. 

Chalachnikov,^ who has written a long account of the trypano- 
somes of frogs, accompanied by numerous drawings, also groups 
them into two main classes, comprising five varieties. 

The work of Ziemann, published in 1898, in which there is a 
figure of a frog trypanosome, marks the first application of Koman- 
owsky’s method of staining (modified by the author) to trypanosomes. 
As we have already pointed out, it is from the time that these 
methods of staining were applied that our exact knowledge of the 
morphology of the trypanosomes dales. Ziernann’s results, it is 
true, were not entirely satisfactory — he stained two chromatix: 
masses, a large and a small, evidently the nucleus and centrosome, 
but he did not attempt to give any interpretation of them, nor did 
he succeed in staining the undulating membrane or flagellum. 

We took up the study of the trypanosome of R. esculcnta in rgoi,'^ 
and were able to give for the first time all the details of its structure. 
In addition to its intrinsic interest, that study enabled us, as we have 
seen in Chapter III., to settle the question of the generic names 
which should be used in designating the various trypanosomes. 

In the numerous accounts to which we have just referred, it has 
always been the trypanosome seen by Gluge, Mayer, and Gruby 
which has been the object of study. 

In November, 1903, Dutton and Todd^ described two new species 
of trypanosome which they found in frogs in Gambia, in addition to 
T. rotatorium or sanguinis, but it is quite likely that these were 
simply special forms of the species of Mayer-Gruby. 

Early in ,1904 Ed. and Et. Sergent" recorded an undoubtedly 
new species of trypanosome in R. esculcnta which they found in very 
large numbers in the blood of a frog at Kabylie. They have called 
this new trypanosome T . inopinatum. 

[Continuing their researches upon the trypanosomes of frogs in 
Algeria, the Sergents** examined eighty-two specimens of R. csculenta, 
with the result that T. inopinatum was found once and T. rotatorium 
eighteen times. In eight of the latter cases the trypanosomes were 
of the ordinary large size (40 /* to 60 /a), while in the remaining ten 
cases the parasites were similar in form, but much smaller in size 
(average length only 22 /^). The name T. rotatorium var. nana is 
suggested by the discoverers for this smaller form.] 

^ Chalachnikov, ‘ Recherches siir les parasites du sang,* etc., Charkov, 1888, in 
Russian. 

^ Ziemann, Centralb^f, Bakter,, I, v. 24, 1898. 

^ Laveian and Mesni], C. B. Soc. Biol,, June 22, 1901, p. 678. 

* Dutton and Todd, First Report of the Expedition to Senegambia, 1902, Liver- 
pool, November, 1903. 

" Ed. and Et. Sergent, C, R, Soc- lUoL, January 23, 1904, p. 123. 

® [Ed. andKt. Sergent, C. R- Soc- Biol., v. 58, 1905, pp. 670-672.] 
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[Fifty-eight of the frogs were examined in summer and autumn : 
forty-one of these harboured various parasites — trypanosomes, Filaria, 
and Drcpanidium. The twenty-four frogs examined in winter showed 
no parasites.] 

[Fraiu^a and Athias^ found trypanosomes in six frogs caught in 
Lisbon. The parasites present were T. rotatorium and T. inopinaium 
(Sergent), These authors think that the species roia^riiim should be split 
up into — (i) 7 *. loricalum or costatnm (Mayer), in which the body is ovoid, 
generally fairly wide, striated or not, and with the centrosome situated 
near the nucleus; and (2) 7'. fotatorium (Mayer), in which the body is 
more slender, the centrosome is near the posterior extremity, and the 
undulating membrajie is well developed, and extends along the whole 
length of the body. Mesnil thinks there is no justification for this sub- 
division of the species, and that intermediate forms occur. He likewise 
doubts the validity of two new species created by Frantja and Athias : 
(i ) T. tmdnlans, which is said to be 30 /i long, by 6 fi to 9 ft wide, with a 
narrow undulating membrane, and without free llagellum ; and (2) 
7'. eleganSj which is also 30 /a long, but only 3 fi wide.] 

[liroden- examined twenty frogs (sp. incert. ; probably two) at 
Lusambo, C'ongo Free State, and found eighteen of them infected 
with T, rotatorium. Six of the frogs also showed forms correspond- 
ing to 7 \ mega of Dutton and Todd; this was probably only a 
variety of 7 \ rotatorium.'\ 

[Lewis and Williams, in 1904, examined 140 frogs from the River 
Niagara. Fourteen (10 per cent.) were infected with 7 \ roUUoriutn ; 
five with Drcpaniditim rananim; one with Filariii. In one case 
Trypanosoma and Drepanidium occurred in the same blood- The 
infections with trypanosomes were distributed as follows: In July, 
of fifteen frogs examined, two were found infected ; in August, ten 
out of twenty-six ; in September, tw'o out of fourteen ; and from 
October to December, of eighty-five frogs examined, none showed 
trypanosomes.] 

[These observers examined many other animals for the presence of, 
hexmatozoa, but with negative results: normal cats, dogs, raldnts, and 
guinea-pigs; fifty-one English sparrows (half in winter, half in spring); 
twenty-seven mud-puppies {Nccinrus macidaiiis) in March, and forty toads 
in the summer.] 

[In 1904 Laveran'* described a trypanosome which had been dis- 
covered by Thciler in two Transvaal frogs ( 7 v, angolatsiSf Bocage^ 
and R. theileri-, Moequart). This trypanosome appears to be a 
distinct species, to which Laveran has given the name 7 \ ncUpruiU 

[Nabarro and Stevenson have found trypanosomes in the blood 
of a frog from Hong-Kong. They were very scanty in the blood,. 

^ [Fran(;a and Athias, .< 4 rr//. inst. r(fy, de bacier. Camara Pestana^ v. i, May 
1906, pp. 127-165 ; abstract by Mesnil, Dull. 1 ml, Past.^ v. 4, 1906, p. 756.] 

2 [Broden, Arch,f, Sch, u. Prop. v. 9, 1905, p. 18.] 

® [Laveran, C*. R. Soc, Biol.^ v. 57, 1^4, yl 158.] 
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and the frog was also infected with a large haemogregarine (sp. ?). 
The species of frog in which these parasites occurred has not yet 
been determined. Dr. Bell of Hong-Kong, to whom we are indebted 
for sending us the blood-films, has told us that the infected frog was 
a small brown frog, closely allied to, if not identical with, R. tcm- 
par aria.'] 

[Early in 1907 Marchoux and Salimbeni^ described a new try- 
panosome in a Ilyla (allied to II. laieristrif^a^ Spix and Agassiz) in 
Brazil. This trypanosome is distinct from T. rotatorium, and its 
discoverers have given it the name T. borrcli.] 

[During the past few years interesting observations have been 
made upon the cultivation of T. rotatonum by Lewis and WilHams- 
and by Bouet;'* upon the development of T. inopinatnm in leeches 
and its transmission by them (Billet,^ Brumpt'”’) ; and upon the 
possible relation between the trypanosomes and haemogregarines of 
the frog. Details of these observations will be given later on.] 

One of us^' has observed, in specimens of the l^lood of a toad 
(sp. ?) at Imi, Ogaden, which had been sent to him by Briimpt, 
‘ several trypanosomes having the structure of the ordinary trypano- 
somes of the frog, but much smaller in size.* 

[Brumpt" has since given a short description of this trypanosome 
of the African (Somaliland) toad, Bnfo relicnUitiis. He regards it as 
a new species, to which he has given the name T, wmalcmc.] 

[In 190O Tobey^ recorded the occurrence of trypanosomes in the 
blood of newts {Diemyctulus viridescens). The trypanosomes were 
constantly present in the blood and in large numbers. This is the 
first time that newts have been found infected with these parasites.] 

The T. roialoriiim of frogs appears to occur in all parts of the 
world, and in this respect it resembles the T. IciL'hi of rats. We 
may mention that about half the frogs, R. escnleufa, caught in the 
neighbourhood of Paris contain trypanosomes in the blood, but 
sometimes in very small numbers. 

The older observers have noted that trypanosomes were seen in 
the blood of frogs much more frequently in summer than in winter. 
[It has already been mentioned that the Sergents in Algeria, and 
Lewis and Williams in America, found the same seasonable preva- 
lence of trypanosome infections in frogs.] This is the case with all 
haematozoa, but recently Koninski of Wicliczka has stated that the 

* [Marchoux and Salinibeni, C. /i. Soc. v. 62, 1907, pp. 592-594.] 

[J. Lewis and H. V. Williams, Proc. Soc. for K.vpcr. Biol, and Mcd.^ v. 2, 
1905, p. 44, in Amer. Mcd..^ v. 9, Maich 25, 1905 ; abstract by Mesnil, Bull. Inst, 
Past., V. 3, 1905, p 413*] 

[G. Bouet, Ann. Inst. Past., v. 20, July, 1906, pp. 564-577.] 

* [Billet, C. R. Acad. Sciences, v. 139,^1904, pp. 574 - 576 .] 

® [Brumpt, C. R. Soc. lUol.^ v. 61, 1906, pp. 167-169.] 

® Laveran, C. R. Soc. Biol., February 27, 1904, p. 332. 

^ [Briimpt, C. R. Soc. Biol., v. 60,^1906, p. 164.] 

® [Toh^y, /ourn. Med. Research, Boston, New Series, v. 10, 1906, pp. 147, 
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seasonal influence is nil} He gives statistics of the frequency with 
which trypanosomes occua in the various Batrachians, but obviously 
these numbers apply only to the district in which he made his 
observations. He found trypanosomes in the three following species ; 
R. escidenta, 32*8 per cent. ; R. temporaria, l yz per cent. ; and Bufo 
vindis, 12* I per cent. On the other hand, trypanbsomes were never 
fnind in the blood of Hyla nrborca, Bufo cincvcit^, and B, calamita 
(very few specimens of these three species were examined), Pdobates 
fiisciis (twenty-eight examined), }h)mbimil()ri}:^ncm (fifty- two examined, 
of which tw^enty-five were larvje), and Triton vulgaris (twenty 
examined). 

The proportion of infected animals of a given species increases 
with age. Koninski found R. cscnlenta infected immediately after 
their metamorphosis. On the other hand, he never found tadpoles 
infected as Danilevvsky {loc. cit,, p. 79) and Kruse- had done. The 
males of R, csculcnfa contained twice as many parasites as the 
females. Gruby had noticed that the proportion of infected males 
was smaller than that of females. 

Section 2 , — Tnjpnnosoma vofatoviuni (Mayer).* 

On studying the blood of frogs {R, csctdcn(a) infected with 
trypanosomes, one is struck with the great variety of forms presented 
by the parasite. All observers have drawn attention to this pleo- 
inorphism. Danilewsky, for example, distinguishes at least foijr 
varieties : 

1. ‘The simplest form, membranous,* with a flat, transparent 
body, passing insensibly into the undulating membrane, very active, 
and with a long, w^avy flagellum. 

2. ‘ The flat form rolled on itself,’ or the ‘ funnel-shaped * form. 

3. ‘The plane spiral form,’ with pointed posterior extremity* 
The undulating membrane extends only along the anterior half of 
the body. 

4. ‘ The pectinated spiral form,’ with the variety in the form of a 
cfornucopia. 

Chalachnikov, w ho has made a special study of the trypanosomes 
of Batrachians, distinguishes: 

1. The group of flattened forms, coinprising (a) the simple flat 
form, (b) the folded form, and (c) the transitional form— plane spiral. 

2. The group of pectinated forms, comprising (a) the pectinated 
spiral form, and (h) the spiral and tubular pectinated forms (cornu- 
copia). 

These five varieties, of which the author gives good descriptions 

* Karl Koninski, Bfo/. CentrabL^ v. 2f*, 1901, p. 40. 

“ Kruse, Virch&z&s Archiv^ v. 120, 1890, p. 557. 

^ The synonyms of this species arc as ,ff)lIows : Paramivdnm loricatum (jr 
costiUinn'^Amccba rotatoria [Mayer, July, — sa^ifruinis [Gruby, November, 
^^43] = Monas rotatoria [Licberkuhn, iHy 6 ]=^ l/nAa/ina ranarum [Ray Lankester, 
1871]= 7; sanguinis Paramaicioides costatus n. sp. [Grassi, 1882]. 

30 
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and figures, occur in the blood of i?. esculent a, R, tcniporaria, and 
Hyla arborca, « 

Chalachnikov has seen these various forms become spherical by 
the retraction of the llagellum. He gives numerous figures showing 
this change in vitro, and the reproduction of the parasite by seg- 
mentation, which leads eventually to the formation of extremeiy 
small spherical bodies. In the present state of our knowledge it is 
impossible to say what is the significance of these bodies. [They 
may possibly bear some relation to the ' morular ’ masses of small 
spherical bodies described byThiroux in cultures of T.padda, and by 
Bouet in those of T, rotatorium itself.] 

In ordinary fresh preparations the trypanosomes usually mov(i 
about tn loco, so that one is able to study the very complex move- 
ments of the undulating membrane, and the amoeboid movements 
which result in the ever-varying shape of the bod}^ 

By using our ordinary method of staining we have studied the 
cytological details of the structure of T. rotatorium (Fig. 63, and 
Fig. 15 in the coloured plate). 

The trypanosomes show a very much folded undulating membrant;, 
with a thickened border, which is prolonged anteriorly into a free 
flagellum. 1 hese structures all stain reddish-violet by our method. 
Tlie posterior end of the flagellum (or thickened edge of the undu- 
lating membrane) is situated at a variable point in the posterior half 
of the body,^ and conies into relation with a vacuole, in the centre of 
which is the centrosomc, a fairly large granule staining deep violet. 

The nucleus is oval in shape and stains pale reddish -violet. It 
takes the stain uniformly, except for two or three distinct dots in it. 
fhe nucleus is situated anteriorly to the centrosome, as in other 
trj panosomes, but in this species the nucleus and centrosome are 
nearly always very close together. The protoplasm stains a very 
deep blue, and sometimes a number of dark blue granules are visible 
in it. In addition to these, numerous unstained dots are seen, but 
only in parasites that have been damaged. We have figured the two 
chief varieties of T, rotatorium — the one with its surface covered with 
numerous ridges or ribs (Fig. 63, 7 and 4), the other flattened and 
with a smooth surface (hig. 63, 2 and 5). Both forms have the same 
chromatic sinicture. It will be observed that in / and 4 the centro- 
some is (juite close to the nucleus, and, consequently, the undulating 
membrane is found only along the anterior part of the body. In 2 
the centrosome is about midway between the nucleus and the 
posterior extremity, while in 5 it is very near the posterior end of 
the body. 

The anterior end usually tapers- off and ends in a relatively short 
flagellum. 1 he posterior end varies much in shape. It may be 


I A undulating membrane never extends as far as the posterior end of the 
ody, as Senn states in his differential diagnosis, doubtless on the authority ol 
Gaule's inexact figures, which he reproduces. 
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rounded off (j), or in the form of a blunt cone (.?), or it may have a 
short point (4) or a veiy long point (/). . There is scarcely any 
difference between this last form and those which Dutton and Todd 
figure (see big. 64) in illustration of their provisionally new species, 
T. mega'^ and T. karyozcuktonJ^ 

In R. esculcnta in b ranee, Laveran and Mcsnil Viave seen parasites 
with the posterior extremity quite as elongated as those figured 
by Dutton and Todd, and occasionally this extremity has been 



0 Fig. 63. — Trypaxosomks of Rafur esiuU’Hut. 

1 and 4. Folded forms, thin (i), stumpy (4). 2 and 5. Flattened forms. 3. Contracted 

form. 6 and 7. Young forms examined fresh. (Magnified about 1.400 diameters.) 
n. Nucleus, c. Centrosome. in. Undiilating membrane. /. Flagellum. 


^ Dutton and Todd found this form in a small frog (sp. ?) on McCarthy Island. 
The figure reproduced here (Fig. 64, /) gives an idea of the welbdevelopcd undu- 
lating membrane with its numerous folds, of the longitudinal siriation of tlie body, 
of the depth of staining of the protoplasm, and of the faintly-staining nucleus, all of 
them characteristic of T. rotaiorium. The body pro])er is 72 /a long, and the 
flagellum 10 /* to 15 /a; the width of the body at the level of the nucleus is 8 /a. 

Dutton and Todd saw a single specimen of this variety in a frog (sp. ?) at 
J^^ape St. Mary, which harboured T. rotaiorium in addition. Length of body.. 
'V’2 li . ; flagellum, 15*2 /a ; width at level of nucleus, 6*4 /a. The chief characteristic 
of this parasite appears to be the presence of a chain of chromatic granules 
between the nucleus and centrosome (sec k irf figure). The authors, however, did 
not see this chain of granules in tlie trypanosomes of two other frogs in the same 
district, although the ])arasites had the same general appearance as the first form, 
but were smaller in size. 
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so thin as to give the impression that it was prolonged into a 
short flagellum. Fig. 64, shows this it be almost the case with 
r. karyozeiikton. There is, therefore, considerable doubt as to the 
validity of these new species of Dutton and Todd, the more so as 
these observers recognise the existence of T. in frogs in 

Gambia. 

To sum up, then, we may say that the trypanosomes of frogs 
vary ver\' much in shape as well as in si;je. Some of them are 
relatively thin and short, others are very large and broad, and many 
intermediate forms occur. The length varies from 40 /a to 60 /a, and 
only exceeds this figure in forms in which the two ends are attenuated 
and drawn out. The width, on the other hand, may vary from 5 /a up 
to 40 /A. In some frogs there are found only ovoid forms with rounded 
ends, a very short free flagellum, the undulating membrane extending 
only half-wa}' along the body, and which measure in films of fixed 
blood 50 /A to 60 /A in length, by 30 /a to 40 /x in width. 



Fio. G4 . — ^Trypanosomes of Froos in Gambia. 

1. T, mcffa (Dutton and Todd). 2. T. karyozcuhton (Dutton and Todd), n. Nucleus. 

c. ('entrosome. k. Chain of granules extending from nucleus to centrosoine. 

(Magnified about 1,000 diameters.) 

Fig. j, represents a form which is not uncommon, and has 
often puzzled observers. Some, such as Mayer and Grassi, have 
looked upon it as a new species, and even as a new genus {Para- 
mcecioicles, Grassi). It is nothing more than an ordinary trypano- 
some which has become spherical, probably owing to the abnormal 
conditions met with outside the bloodvessels. Both varieties, tlie 
pectinated and the smooth, may exhibit this change of shape into 
spherical form, and we have on several occasions seen the change take 
place. The undulating membrane is retracted, and in the fresh con- 
dition the flagellum seems to have disappeared. The examination of 
stained specimens does not show any difference in structure between 
this form and the normal forms. The forms represented in Fig. 6j» 
6 and 7, seen in a drop of fresh blood, appear to us to be very young 
forms of trypanosomes. 

All the foregoing remarks apply to the parasites seen in R, esen- 
Icnta, Observers are agreed in regarding as very closely allied, if not 
identical, the parasites of R. temporaria^ of Bw/o, and of Hyla. 

^ They found this parasite in fourteen out of thirty-five frogs c.xamined (A- 
irinodis {}) and other species). 
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have had the opportunity of studying a number of trypanosomes in 
the blood of a Hyla arborea, bought at a shop in Paris. Fig. O5 
represents a trypanosome of the Hyla. It is 75 /x long, flagellum 
included, by y in width, and in general appearance it closely 
resembles a young T. rotatorium of Rana csciilcntu. 

We have sought in vain for reproduction fojms of T. rotuioriiim 
in our frogs. 

[Franga and Athias’ examined 143 specimens of FI. avhorca, 
var. mcriclionalisy six of which were found to be 
infected with 7\ roUitarinm. The trypanosomes 
were very numerous in the blood of these frogs, 
much more so than is usually the case in R. 
esciilcnia.~\ iSS 

[In stained films, in addition to the ordinary 
forms of trypanosome (resembling that seen in 
I'ig. 65, except that the nucleus was fusiform, 
elongated, and fairly narrow), there were others 
which appeared to be forms undergoing division 
by segmentation. In blood-films fixed imme- 
diatcly after they were made only the initial jdiases 
of division were seen — the first division of the 
centrosomc, and the conversion of the nucleus 
into a pale, ill-defined area bounded by a ring 
of small chromatic masses.] 

[In blood fixed five hours after leaving the ^ 

bloodvessels, and kept between slide and coverslip, 
more advanced stages of division were observed. so'mk 
A reas of cytoplasm became more or less (but urhorcd. 
never completely) divided off, and in them two 
nuclei and two centrosomes were seen. There were also appear- 
ances almost suggesting mitotic division, and Fran(;a and Athias 
think that ‘ in the division of trypanosomes by segmentation the 
blepharoplast possibly plays a role like that of the centrosome 
, during mitotic division.’] 

[Marchoux and Salimbeni ’ have found a new trypanosome in a 
H. lateristnga (?) from Brazil. In the fresh condition the young 
forms are seen to differ considerably from the adult forms of the 
parasite. The young parasites arc morphologically like T. rota- 
torimn. The undulating membrane is clear and transparent, and is 
quite distinct from the granular cytoplasm of the body. In the adult 
forms the protoplasmic portion is very expansive and rolled on itself, 
so that the undulating membrane comes to lie inside a cigar-shaped 
body which is open at both ends. When pressure is applied to the 
film containing the trypanosomes the body becomes ilattened out. 
There is no free flagellum extending beyond the limits of the body.] 




Fic O5. — Trvpano- 

SOMK OF llyUi 

iirhorcd. 


^ [FraiKj'a and Athias, C. R. Soc. BioL^ v. 1906, p. 1108.] 

® [Marchoux and Salimbeni, C. R. Soc. v. 62, April 19, 


1907, PP- S92-594-] 



470 TRYPANOSOMES AND THE TRYPANOSOMIASES 


[When stained — and Billet’s^ method gave the best results — the 
protoplasm and centrosome were found to take the stain readily ; 
the nucleus and chromatic filament, on the other hand, stained 
badly. The nucleus has a curious shape; it is a long, narrow, 
arched body, with a rod-like prolongation at one end. The total 
length, including t|je terminal rod, which measures 5 /ia to 6 /n, is 
23 to 30 The centrosome is situated at the anterior extremity 
of the nucleus. This arrangement of the nucleus and centrosome is 
similar to that previously described by Fran9a and Athias - in a 
trypanosome from another species of Hyla.] 

[The total length of this trypanosome is from 20 to 80 /a. Mar- 
choux and Salimbeni regard this trypanosome of II. laievistriga (?) 
as a new species, to which they have given the name T. borrcliJ] 

[Cultivation of T. rotatorium, — Lewis and Williams {op, cit,) 
were the first to achieve any success in this direction. They used 
nutrient agar, to the water of condensation of which two or three 
drops of frog’s or toad’s blood were added. Cultures made from 
two infected frogs showed, after two weeks, growths of flagellated 
organisms. These were of a very long oval form, the largest 
measuring 18 ^ by 2 /a. There was one long flagellum attached to 
a centrosome situated at the anterior end of the body. The largest 
parasites showed a rudiment of an undulating membrane. Motility 
\vas not very marked. Numerous small forms were seen, evidently 
representing various developmental stages.] 

[The growth was never luxuriant, and rosette formation was not 
observed. Only one generation of subcultures was successful, and 
all the cultures soon died. A single attempt to inoculate a normal 
frog gave a negative result.] 

[Attempts to cultivate Drepanidiitm did not succeed, although tlie 
parasite remained alive for a long time in the medium. In one of these 
experiments trypanosomes were found in the tubes after ten days, and it 
appeared as though trypanosomes had developed from Drcpanidinni, This 
was not so, liowever; the trypanosomes had evidently been introduced 
with the blood of the frog which served for the preparation of the medium, , 
for an uninoculated tube of the batch also showed trypanosomes. This 

^ [Billet, C, R. Sor. lUot.y v. 61, 1906, pp. 753, 754. Billet^s rnethocl is a modifi- 
cation of (iiemsa’s method, which I have fiiund to give very good results with 
trypanosomes, malarial and other chromatin-containing parasites, as well as with 
ordinary blood.] 

[It is prepared as follows: Add 0*3 per cent, of sodium carbonate to a 1 per 
cent, solution of Criibler’s medicinal methylene blue, and heat to 50'-’ C. for three 
hours. This is called the ^ carbonated blue.' To stain films, put 10 c.c. distilled 
water plus 10 drops of commercial Giemsa’s solution in a graduated cylinder or 
test-tube, add 2 or 3 drops of the ‘carbonated blue’; shake and pour the mixture 
into a dish (see p. 9) containing the film, which is previously fixed for a few 
seconds in absoluic alcohol, or in a rnixtusc of alcohol and ether. Keep in the 
paraflin-chamber at 45'' to 50^ C., and at the end of ten to fifteen minutes the film 
will be well stained. Wash in a large cjuaiitity of water, and if too dark decolourize 
rapidly with a few drops of Unna's solutKon of tannin-orange.] 

^ [Kranga and Athias, Arch, dc Vltist, royal de bacter, Oimara Peslana^ v. i, 
fasc. 2.] 
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is comparable with Novy and McNeal’s observations and culture experi- 
ments upon the avian trypanosomes.] 

[Bouet^ has been more successful in his culture experiments 
than have Lewis and Williams. He obtained excellent results with 
Novy and McNeal’s blood-agar medium (original formula, see p. 452), 
the best proportion being one of agar to two of blgod. In this medium 
cultures grew in four or five days at the room temperature. At the 
time Bouet’s paper was written (July, rejoG) the organism was in the 
tenth generation of subculture. In subcultures the trypanosomes 
appeared at the end of a very variable time — from three days up to 
twenty-five or even thirty-four days. The average time was from 
six to ten days on Novy and McNeal’s type medium. The trypano- 
somes were most numerous from the eighteenth to the twenty-fifth 
days.] 

[Both forms of the trypanosome, the stumpy and the thin Ibrins, seen 
in the original frog’s blood, gave positive results on cultivation. The 
majority of the frogs whose blood was cultivated harboured other parasites 
(filarije and haemogregarines), in addition to T. rotatoyium, A frog which 
had only trypanosomes in its blood gave positive results. On tlie other 
hand, frog’s blood in which haemogregarines were alone present gave 
negative results.] 

[In young cultures the young trypanosonies were sometimes 
agglutinated into rosettes, but it was especially towards the end 
of the first month that auto-agglutination was observed in moist 
coverslip preparations of the culture. As has been observed by 
McNeal in cultures of 7 . Icwhi^ by Novy and McNeal in cultures of 
avian trypanosomes, and byThiroux in cultures of 7 . rf/rto;//, colonies 
may api)ear upon the agar medium above the water of condensation, 
especially in old cultures.] 

[The vitality of cultures is very great. In (me case living try- 
panosomes were found after five months in a culture-tube of the 
third generation,] 

yM orpholofry of T, rotatorium in Ciiliiin'S (see Fig. 6Gb — In the 
• fresh condition the majority of the parasites arci fusiform or pear- 
shaped, like Herpctomojuis or Crithidia. 'I'he protoplasm is finely 
granular, and the nucleus and centrosonie are hardly discernible. 
It is difficult to make out an undulating membrane. There is a very 
long, actively motile tlagcllum. Movement takes place with the 
fiagellar end foremost, and in agglutination (which is usually only 
temporary) the flagella are, as a rule, directed towards the centre of 
the rosette.], 

[In addition to the above forms, which are by far the most 
numerous, all intermediate stages between them and the forms seen 
in the blood of frogs may be met with, especially in the earliest 
generations of cultures. In old cultures spherical forms are common, 


' [Bouet, Ann. Inst. Past.^ v. 20, 1906, pp. 564-577.] 
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and these often contain very refractile, round, non-staining granules, 
consisting possibly of reserve material.] 

[Multiplication is by longitudinal fission. In the colonies which 
grow on the agar itself the trypanosomes occur in ‘ morular ’ form. 
The flagellum is very short and hardly motile, and the protoplasm 
contains small, ve^.y refractile granules. These are possibly early 
stages of a resistant form of the parasite, as has been suggested when 
speaking of the cultivation of T. paddie (p. 449).] 

[The trypanosomes seen in cultures are much smaller than those 
seen in the blood of frogs. The long forms are about 25 /a, flagellum 
included, by 2 fi ; the spherical forms are 5 in diameter.] 

[^Stained Preparations . — The best results were obtained by Gray 
and Tulloch’s method (see p. 12), and then staining with Giemsa for 



Fir.. 6G. — CuLTUkK forms of T , Ror.rroR/rM, (After Houkt.) 

In I the centrosome is posterior to the nucleus. In 2 the centrosome is anterior to the 
nucleus, and a well-marked undulating membrane is present, 3 is a in 

which the undulating meinl>rane has not yet developed. 4, a very young spherical 
form undergoing division. (Magnified about i,Soo diaineter.s.) 

9 

three-quarters of an hour to one hour. The film is finally cleared 
with clove oil for about a minute,] 

[The nucleus is usually situated near the anterior end of the 
body, especially in tlie Herpetomonas-fovms ; but it may be centrally ^ 
or even posteriorly situated (Fig. 66, / and 2), The centrosome is 
always near the nucleus, between it and the anterior end of the 
body ; sometimes it actually touches the nucleus. The flagellum is 
attached to the centrosome. An undulating membrane is present in 
the adult culture forms (Fig. 66, 2), but not in the ypung forms (j).] 
[Spherical forms may occur in very young or very old cultures. 
In the former they are to be regarded as very young trypanosomes, 
already possessing the power of division (Fig. 66, ./), in the latter 
case as involution forms, which will eventually give rise to the 
‘ morular ’ stage and the stage of ‘ encystment.’] 

[As has already been stated, auto-agglutination may occur in 
cultures. Usually the flagella arfe directed towards the centre of the 
rosette, but sometimes they may be directed peripherally.] 
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[The serum of an infected frog was found to possess agglutinating 
properties; that of a normal frog, or of another species of animal, 
had no agglutinating properties.] 

[Frogs injected intrapcritoneally with cultures did not become 
infected. Negative results were also obtained on inoculating speci- 
mens of Bufo and Pelobaies.j • 

In conclusion, we may add that the type T. rotaiorinm is the 
largest of the trypanosomes hitherto known. There are several 
species, particularly amongst the parasites of fishes, which are as 
long as, and even longer than, this trypanosome, but in none of 
them does the width exceed 15 /a. On account of its usually stumpy 
appearance, its very short flagellum — which in some cases appears 
even to be wanting — and its anuebiform changes of shape, T, roia- 
lorium stands alone in the genus Tjypanosonui, and it is easy to 
understand why an attempt was made, when our cytological know- 
ledge of the trypanosomes was still in its infancy, to create a new 
genus for the thin and slender trypanosomes of mammals. Now we 
are acquainted with a whole series of species intermediate between 
the very large and stumpy 7 \ rotatoriiim and the trypanosomes of the 
type lauisi*, and, moreover, in the species rotatoriiim itself all kinds 
of intermediate forms are to be found. 

Section 3 , — Trypanosoma i^ioplnatum^ Serg’ent. 

We cannot do better than reproduce the authors* own figure and 
description of this parasite : 

‘When examining the blood of a green frog ( 7 v\ csctilenia) caught 
at Dra-el-Mizan, Kabylic, w'e found a trypanosome which docs not 
resemble any of the hitherto described trypanosomes of frogs and 
Batrachians generally. 

‘The parasite is about 25 /a to 30 u. long— flagellum included — by 
3 /A wide. It closely resembles T. Icwhi of rats, but differs from it in 
^being more stumpy and less drawm out, especially in the post-centro- 
somic portion, and its nucleus is situated near the middle of the 
body, whereas in T, Icicisi it is in the anterior part of the body. 1 he 
centrosome is well developed, as in T. Icu^isi, and often it appears as 
a transversely elongated body occupying the whole w'idth 0/ the 
parasite. The .undulating membrane is usually unfolded, and 
appears even more rigid than that of 7 '. Icunsi. Although the blood 
preparation may show as many trypanosomes as red blood cor- 
puscles, all the parasites seen are of about the same size, and, indeed, we 
have only once seen a dividing form of the parasite (Fig. 67, A) w'hich 
showed two centrosomes and commencing division of the undulating 
membrane adjacent to them. The two centrosomes were situated 
close to the nucleus instead of occupying the normal position of the 
centrosome. In several other parasites we have also seen the centro- 
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some close to the nucleus, which, in all probability, means that these 
parasites were about to divide. 

‘ This trypanosome of green frogs is undoubtedly different from 
T, roiaioritim, Mayer ( = T. sanguinis, Gruby), which is the only 
trypanosome hitherto recorded in this species of frog. It resembles 
not only T. Ictcisi 4 ,nd the other mammalian trypanosomes, but also 
the trypanosomes of fishes, especially 7\ remaki of the pike, described 
in detail by Laveran and Mesnil. We shall call it Trypanosoma 
inopinatum. 

‘ Other frogs in the same locality were not infected, and frogs 
from other parts of Algeria showed the ordinary frog trypanosome, 
T. roiaioriitm' 



A. Commencing division. A red corpuscle of the frog is shown for the purpose ol 
comparison. (Magnified about i,ooo diameters.) 


[ During the past few years Billet and Brumpt have made several 
interesting observations upon T, inopinatum, particularly with regard 
to its development in leeches and its possible relation to Drc- 
panidhun, 

« 

[In his first paper ^ upon the subject Billet state.s that he saw the 
trypanosomes ( 7 '. inopinatum) penetrate the red blood-corpuscles of tlie 
frog, at the same time ]o.sing the fiagellum. In addition to these trypano- 
somes, the frog’s blood contained (i) numfjrous free gregarinoid forms 
(Billet says that the analogy between some of these forms and the trypano- 
some-forms minus flagellum is striking) ; (2) endoglohular, elongated 
formsj undergoing longitudinal division ; and (3) rounded forms, giving 
rise to all stages of schizogony, characteristic of the Hamogregarina spiendens 
(a Lankesierella).] 

[In his recent paper- Billet brings forward evidence to show that the 
alternate or invertebrate host of T. inqpmatum is a leech, Helohdella algtru- 

1 [Billet, C A’. Soc. BioL, v. 57, 1904, pp. 161-164 ; abstract by Mesnil in BulU 
InsL PasL, v. 2, 1904, p. 724.] 

*■* [Dillett, C. S, Acad, Sciences, y. 1^9, 1904. pp. 574-576; abstract in Buii. Insf. 
Bast, V. 2, 1904, p. 989. See also Woodcock’s article in Quart, Journ, Micr, Sc., 
V. 50, 1905, p. 251.] 
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Trypanosomes were frequently found in the intestine of the leeches which 
had been ectoparasitic on frogs, harbouring either ha^mogregarines pins 
trypanosomes or haemogregarines alone. The T. inopinatum found in the 
leeches showed a variety of forms which were never met with in the 
frogs’ blood. The leech, therefore, appears to be the normal host of this 
trypanosome.] 

[Twenty-four or more hours after the infection of the leeches, their 
intestine contains forms, with a distinct nucleus an3 centrosome, which 
seem to be stages intermediate between a ha^jinogregarine and a trypano- 
some. After the third day only 2 \ inopinatum are present. Lastly, frogs 
apparently free from all haanatozoa, infected by the bites of leeches 
containing only trypanosomes, contracted an infection exclusively hamio- 
gregarine. From these observations Billet concludes that 7'. inopinatum 
is ontogenetically related to the haemogregarine parasite in R. esculmta in 
Algeria.] 

[Briimpt^ found in the digestive tract of leeches {Placohddla catcnigcya)^ 
which had sucked the blood of an African tortoise, Emys leprosa (probably 
containing the Hanwgregarina hagaisis)y forms (? ookinetes) with a nucleus 
and a smaller chromatic body, resembling the centrosome of a trypano- 
some.] 

[In a later paper ^ Brumpt states that he was able to infect frogs with 
7". inopinatum by allowing infected leeches to bite them. In one frog the. 
trypanosomes appeared in the blood on the tenth day after the bite of the 
leech. They multiplied rapidly, and on the thirtieth day there were fifty 
trypanosomes to one red corpuscle. The frog became very anamiic, and 
died on the thirty-fifth day. Similar results were obtained with other 
frogs, thus showing that 2 \ inopinatum may be pathogenic.] 

[Brumpt showed, moreover, that 7'. inopinatum is inoculablc. Frogs 
inoculated in the dorsal lymph sac with the heart blood of frog (1) men- 
tioned in the preceding paragraph became infected in forty-eight hours, 
and died in twelve to sixteen days. Post-mortem there were found 
(edemas, hydropericardium, ascites, and haemorrhages. Heart puncture 
furnished a ‘ purulent, chylous fluid,* containing many agglutinated 
trypanosomes.] 

[The trypanosomes in the leech rapidly gave rise to Heypetomouas- 
forms varying in length from 6 /a to 14 /a for the body and 3 /a to 14 /x for 
the fiagellum.] 

[Brumpt is of opinion that there is no relation between the trypano- 
somes and the hsemogregarines of the frog. Leeches fed on frogs 
containing many hfcinogregarines did not d(jvelop flagellates in a month. 
W'e have already seen that Lewis and Williams, Novy and McNeal, and 
pthers are of the same opinion.] 

Section 4.— Other Trypanosomes of Batrachians. 

Trypanosoma nelspruitrnse, Laveran, i904.*™-This trypano- 
some from Nclspruit, Transvaal, was discovered by Thciler in two 
frogs. There appear to be at least two species of frogs in the 
Iransvaal: /?• angolcnsis, Bocage, and a new species to which 
Moequart has given the name R. theilcyi.] 

[ 7 '. nelspriiitcnse varies in size. Its length may be as much as 
70 /A, of which the free flagellum may occupy 33 ; the width is 3 /a. 

^ [Brumpt, C. R, Soc. Biol.y v. 57, 1904, pp. 165-167 ; abstract by Mesnil 
(reproduced above) in BulL /ns/. Past.y v. 2J 1904, p. 724.] 

^ [Brumpt, C\ It Soc. BioLy v. 6f, 1906, pp. 167-169.] 

® [Laveran, C. R. Soc. Biol.y v. 57, 1904, p. 158.] 
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The body is slender and vermiform in appearance, much like 
T. gramtlosum of the eel. The anterior two-thirds of the bod}* 
stains much more intensely than the posterior third, and anteriorly 
there are many deeply staining granules. The nucleus is round or 
oval, and stains less deeply than the centrosome. The latter is 
situated at a varit^lde distance from the posterior end. The undu- 
lating membrane shows several folds.] 

[TRYPANOSOMii OF Fkogs IN HoNG-KoNG (Fig. 68). — This 
trypanosome was found by Nabarro and Stevenson in blood-films 
of a frog sent to them by Dr. J. S. Bell, of Hong- Kong. The try- 
panosomes were extremely scanty, only two being found in several 
large blood- films. The frog was more obviously infected with a 
large haiuiogregarine,^ and it is conceivable that if this frog’s blood 
had been cultivated and the trypanosomes had developed, it might 



Fk;. 68. — Tkvpaxosome of Fkoos in lIoxe-KoNG. 

Note the i^reat width of the undulating membrane, and the unusual position of the 
nucleus, to which the centrosome is closely applied. A red corpuscle is also repn;- 
seiUed to show the relative sizes. (Magnified about 1,500 diameters.) 


have been thought that the haemogregarines had given rise to the 
trypanosomes. I 

\ Morph<)hi(y, — The larger of the two tr3’panosomes seen was 41 p- 
long, including the free flagellum, which measured i6 /x. The body 
itself was long and slender, its greatest width being only about 1*4 /^. 
The nucleus was small and spherical, and about 1-3 /a in diameter. 
Its posterior edge was partly overlaid by the centrosome, which was 
about 7’5 /A from the posterior end of the body. There was a large 
vacuole i /a from the posterior extremity, and another smaller oiu: 
close to the centrosome. Stained by Giemsa’s piethod the cyto- 
plasm (blue) was seen to be fairly homogeneous, no striations or 
chromatic granules being visible in it. The nucleus was stained a 
reddish-violet and the centrosome a deep violet. The undulating 
membrane was distinctly visible (pale reddish-violet) ; it was very 
wide (2‘5 /A in the widest part) ; *the edge was wavy, but the mem- 
brane itself showed few folds.] 

^ [Professor Laveran, to whom I sent the films, informs me that this 
gregarine resembles that which he had observed in a frog from the Transvaal.] 
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[The other trypanosome was 25-6 fi long, including the flagellum, 
3 fjL, The total width of^the parasite was 3*8 fi, that of the body 
itself being 1*9 /x. The nucleus was spherical, i-j /t in diameter, and 
more irregularly stained than in the first trypanosome. The centro- 
some was 4*6 /a from the posterior end of the body, and in close 
contact with the nucleus. There was a small vicuole just behind 
the nucleus and ccritrosome. The posterior half of the body was 
much more deeply stained than the anterior.] 

[This trypanosome appears to be different from the hitherto 
described species of frog trypanosomes. I think it is a new species, 
for which I propose the name Trypanosoma belli.’] 

[Trypanosome ok the Toad {Trypanosoma somalcnsc, Brumpt,^ 
3906). — This trypanosome was found by Bruinpt in the blood of a 
Somaliland toad, Bufo rctiailatiis. The body is arched as it is in 
some forms of T. rotatorinm. T. somnlcnsc differs from the latter in 
its small si;ie, the body measuring 30 /x and the free flagellum 7 
The centrosome is 4 from the posterior end. The nucleus is 
situated in the widest part of the body, a little anterior to the 
centrosome.] 


[Trypanosome of thk Newt. — This trypanosome was found 
by Tobey - in American newts {Diemyctulus viriclcscens). The infected 
newts appeared to differ from healthy newts in the following respects: 
they were darker in colour, the spots on the side were a brighter red, 
and the shoulder and pelvic girdles were very prominent owing to 
the wasting of the muscles. They seemed as active as healthy 
newts, but some of them died S(K)n after they came under observa- 
tion.] 

[In the fresh condition the trypanosome was very active, and 
moved with a spiral motion. The whole body was contractile,] 

fin stained specimens three different forms were seen: ‘wide, 
long, and short/ The first two seemed to be but different phases of 
► a contractile state. The average length was 45 fi to 50 ii, the width 
2 /X to 5 fi, the free flagellum 24 /^. The nucleus was situated slightly 
behind the middle of the body. The centrosome, which was small 
and often difficult to see, was situated in the centre of an unstained 
vacuole a short distance from the posterior extremity of the, body. 
The undulating^ membrane was well developed and showed several 
folds.] 

[Inoculations into healthy newts were unsuccessful, as were 
inoculations into mud puppies (Nccturus maculatns). Several at- 
tempts were made to infect frogs, but in only one case was there an 
apparent infection.] 

* [Brunipt, C. A*. Soc. Biol., v. 60, 1906, p. 164.) 

[E. N. Tobey, Med. Research, xmw series, v. 10, No. 1, 1906, pp. 147, 

148.] 
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Section. 5. — Modes of Infection. 

« 

We are quite ignorant of the mode of infection of frogs and the 
other Batrachians. It is quite probable that it occurs through the 
agency of some ectoparasite, such as the leech or tick. The same 
remarks apply to ttie hgemogregarines of the Batrachians, and it is 
to be hoped, now that attention has been drawn to these questions, 
that some definite information will soon be forthcoming. 

[We have seen, however, that the recent investigations of Billet 
and Brumpt (see Section 3) have furnished a reply to these ques- 
tions. The T, inopinatnm of frogs can undoubtedly multiply in the 
intestine of the leech, and infected leeches are able to transmit the 
infection to healthy frogs by biting them.] 

We have tried to infect green frogs experimentally with the 
blood of other frogs containing trypanosomes. The infective blood 
was injected into the dorsal lymph sac or into the peritoneum. We 
experimented upon seven or eight frogs, with only one successful 
result.^ One frog inoculated on June 30, 1902, showed a few para- 
sites in its blood from the 4th to the 8th of July. 

Why w^ere these experiments unsuccessful ? Perhaps on account 
of the mode of inoculation, but it is nearly always successful with 
.the trypanosomes of fishes and rats. Possibly it was because the 
frogs experimented upon had acquired immunity as the result of a 
previous infection, for, as a matter of fact, they were got from dis- 
tricts where about half the frogs were infected. 

' [It has alre<i(ly been mentioned (see p. 475) that Brumpt succeeded in trans- 
mitting 7 ’. inopinatnm to several green frogs by inoculation into the dorsal lymph 
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TRYPANOSOMES OF FISHES 

Section 1. — Historical. Species known to be Infected. 

In 1841 Valentin saw in the blood of a trout {Salmo fario) a parasite 
which he classed with the Amoeba) of Ehrenbcrg,' but which, from 
the short description and figures he gives of it, should be grouped 
with the haematozoa to which Gruby in 1843 gave the name 
trypanosomes. 

Remak observed in the blood of the pike (Esox lucius) and of 
several other fresh-water fishes very motile haematozoa, possessing a 
transparent membranous part and tooth-like projections, which dis- 
appeared when the parasites were at rest.- In all probability these 
were trypanosomes, for in fresh preparations the undulating mem- 
brane gives one the impression of tooth-like projections, as described 
by Remak. 

Gros'^ recorded the existence of vermicides in the blood of a 
number of fishes — gudgeon, rockling, perch, sterlet, lote, tench, ptc. 
The parasite of the rockling was 45 fju long, by i wide, and was very 
active. It was pleomorphic, but most frequently presented the 
appearance of a ribbon folded and twisted into various shapes. 
From this description one cannot fail to recognise these parasites as 
trypanosomes. 

Berg and Creplin have described the trypanosome of the pike, 
•which was seen by Berg in four cases out of live. He states that the 
length of the parasites is from one and a half to three times the large 
diameter of the red corpuscles/ 

The luematozoa found by Wedl in the gudgeon and in a tench 
appear to belong rather to the haemogregarines than to the tr}pano- 
sornes.® • 

Chaussat found in the blood of the barbel a haimatozoon 
resembling the trypanosome of the frog.*' 

* Valentin, * Archiv. de J. Miiller,' 1841, p. 435- 

* Remak, Cansiatfs Jahrcsbericht^ i.342i p* lo. 

•* Gros, BulL de la Soc. imp, des Natur, de Moscow,, 1845, v. iS, part i., p. 423. 

^ lierg, ‘ Hiimatozoen des liechtes,’ 'Archiv skand. Beitriigc sur Natur- 
Kcschichte, 1845, v. i, p. 308. — Creplin, Observations upon Berg's communication. 

^ Wedl, Dcnk. der Wiener A kad. dcr Wissen., 1850, part ii., p. 15. 

® Chaussat, ‘ Th^Jse,’ Paris, 1850. 
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In 1883 Mitrophanov^ gave a good description of two species of 
fish trypanosomes unde» the names of Hmnakynwnas cobitis and 
//. carassii. From his descriptions and ^figures it is obvious that 
these parasites belong to the genus Trypanosoma. 

T. cobitis was found in the blood of a loach (Cobitis fossilts). Its 
length is giyen as 30 to 40 /a, and its breadth as i /a to 1-5 The 
body is elongated and worm-like, and has a spirally-arranged undu- 
lating membrane. The two ends are pointed, and the one which is 
foremost when the parasite moves ends in a flagellum. 

r. carassii was found in the blood of the Prussian carp (Carassius 
vulf^aris). It is much larger and more flattened than the preceding, 
which, however, it otherwise closely resembles. These trypanosomes 
are very nearly related to the tr\'^panosome of the i)ike, which is 
described later on. 

Danilewsky found trypanosomes in Cyprimis carpio. Tinea tincay 
Cobitis fossilisy and C. barbatiilay Esox liicius, Perea fluviatilisy and 
Carassius vulgaris/^ According to Danilewsky, two kinds of trypano- 
some are to be distinguished in fishes — a thin, ribboii-likc form and 
a spindle-shaped form, each of them with an undulating membrane 
and a flagellum. They multiply by unequal binary division. 

Chalachnikov^ found trypanosomes in the blood of a large number 
of fishes caught in the rivers and streams in the district of Cherson, 
Russia, notably in the Cyprinus carpio, Esox Indus, Carassius vulgaris, 
and Acerma vulgaris. He recognises two kinds of trypanosome in 
fishes : (i) A flat form very closely resembling the flat trypanosome 
of the frog. A variety of this trypanosome is said to have two 
flagella — a long anterior and a short, thin posterior one. (2) A 
fusiform trypanosome with undulating membrane arranged spirally. 
There would appear to be three varieties of this form, but they are 
not sharply marked off from one another. 

The young trypanosomes of fishes may, according to Chalach- 
nikov, multiply by longitudinal division. He states that he also saw 
in the blood of Cyprinus carpio and Esox Indus, kept for some days 
in vitro, protoplasmic masses undergoing division, as well as young 
trypanosomes. * 

Kruse'* says that he has often seen herpetomonads (trypanosomes) 
in the blood of fishes from the Mediterranean Sea. 

According to Lingard,^ the fresh-water fish of India often 
harbour trypanosomes which sometimes are very numerous. In 
form these trypanosomes appear to be allied to* the species de- 
scribed by Mitrophanov. Fishes which live in the mud are more 

i Mitrophanov, JJio/. Centralbl., March 15, 1883, vol. 3, p. 35. 

[These are the dimensions given by Mitrophanov. In the original of Laveran 
and Mesnil’s book the width is incorrectly •given as /i.] 

Danilewsky, Biol, Centralbl,, November i, 1885"; and ‘Rcch. sur Ics parasites 
du sang des Oiseaux,’ Charkov, 1889. 

** Chalachnikov, ‘ Recherches sur lc 5 parasites du sang,' Charkov, 1888. 

■'* Kruse, in ‘ KUigge,’ v. 2, 1896, p. 627. 

® Lingard; ‘ Report on Surra,' etc., v. 2, part i., 1899, p. 155. 
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often infected than other kinds. Lingard found trypanosomes in 
the following species: Trichogasier fasciatus, Ophiocephalm siriatns, 
Macrones secnghala, and ?l/. tengam (Siluridje). It is during the 
months of May and June that trypanosomes are seen in largest 
numbers in the blood of these fishes. 

[Lingard^ has since made a further study of the ^sh trypanosomes in 
India. lie has found trypanosomes in the following species from the 
river at Poona : Barhts ciminficus, Ophiocephaltts st rial its ^ and Rhynchnh- 
della aciilcata. The trypanosomes were obtained by gently scraping the 
gills without drawing blood. In fish from the Kiver Jumna, Lingard found 
two species of trypanosome — a large form in Oplimcplialus strialus and a 
small one in Trichogastev faciaiits and Macrones scenghala or M, tcngiira.\ 

Sabrazes and Muratet have described the trypanosome of the cel.- 

We were the first to describe trypanosomes in salt-water fish — 
sole, ray, and dogfish — and we also discovered a trypanosome 
peculiar to the red-eye, for which we have created a new genu.s, 
Trypanoplasma? We give below a list of the fresh-water and salt- 
water fishes that we have examined for trypanosomes. The number 
or word in brackets after the specific name of each fish refers to the 
number of specimens examined. 


Fkksu- Water ITsites. 

A. Fishjis in which Trypanosomes were pound. — Pike, 
Eso.x Indus ( 6 ) ; carp, Cyprinus carpio (9) ; tench, Tinea tinea (10) ; 
red-eye, Scavdinius erythrophlhalmus (many); bream, / 1 6 rrt;;//.s brama 
(4) ; eel, A nguilla vulgaris (many). 

B. Fishes in which Trypanosomes were not found. — 
Gudgeon, Gobio gobio (many); loach, Cuhitis harbatiila (many)’; 
stickleback, Gastcrostcus aculeatus (many) ; roacli, Lcuciscns nttilus (3) ; 
chub, Sqiuilius {Leiteiscus) ccphalus (several) ; trout, Triitia fario (4). 

Salt-Water Fishes.’ 

A. Fishes in which Trypanosomes were found. — Cartila- 
ginous fishes: Ray, Raja punctata (11), Raja niosaica (3), Raja 
clavata (1), Raja macroryvehns (i); small dogfish, Scylliiim canicitla 
(38) ; large dogfish, Scylliiim stcllarc (3). Bony fishes : Sole, Solca 
vulgaris (21). 

B. Fishes in which Trypanosomes were not found: — 
Cartilaginous fislies: Mustehis canis (5) ; Galeus galcus (2) ; Acanthtas 

1 [Lingard, Ind, Med. Gaz., December, 1904, pp. 445-447 ; abstract by Mesnil 
in Bull. Inst. Bast., v. 3, p. 414.] 

Sabnizts and Muratet, ‘ Trypanosome of the EeU (resumd of communica- 
tions made to the Socidto linndcnne dc Bordeaux, in December, 1901, March, 1902, 
and July 2, 1902). * 

^ Laveran and Mesnil, C. B. Acad. Sciences, October 28, 1901, and October 13, 
1902 ; also Arch./. Pro/istenkunde, 1902, v.^i. 

** 'These fishes were obtained from the waters of Roscoff, or from those of 
L’anse St. Marlin (St. Martin’s Bay), near Cap de la Hague (Manche). 

31 
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acanthias (ii) ; Squatina angelus (4 — 2 large and 2 small) ; 
Torpedo torpedo (2) ; Raja alba (3) ; Raja rnicrocellata (2) ; Raja 
mirelatus (r). Bony fishes : Syngnathus sp. (many) ; Nerophis Itinu 
bricoidcs (several) ; Orthagoriscus mola (2) ; Blcfiniiis pholis (many) ; 
Blennius montagiii (many) ; Callionymus draciwculm (2) ; Gtmnchis 
vulgaris (3); Lopliius piscaiorius (5); Gobins sp. (many); Mullns 
sunnuletus (4) ; Trigla (4) ; Scomber scomber (i) ; Trachurus trachiirm 
(2); Coitus scorpius (several); Cottas bubalis (18); Zeus faber (2); 
Pagellus centrodontns (2) ; Pagcllus crythrinus (7) ; Cantharus griseus 
(i) ; Chrysophrys aurata (i) ; Labrus sp. (many) ; Crenilabriis 
mclops (6); Spinachia vulgaris (4); Ammodytes tohianiis (7); Ammo- 
dytes lanccolatus (7); Gadus pollachius (lO) ; Gadus htscus (4); Lota 
molva (2); Motclla iricirrata (8); Motella mustela (4); Rhombus 
maximus{^)\ Plalcssu vulgaris (IT); Platcssa microccpliala (5); other 
Pleuroncctes, sp. var. (several) ; Lepadogaster goiiaiiii (many) ; Conger 
conger (10), 

From these lists it is seen that trypanosomes are rare in tlie bony 
salt-water fishes, and that the cartilaginous fishes are more often 
infected. 

[The investigations of the past few years have considerably 
extended the list of fishes in which trypanosomes arc known to 
occur. They have also made known some interesting facts con- 
cerning the evolution of the fish trypanosomes in the body of par- 
ticular species of leech.] 

[Several new species of Trypanoplasma have been described in 
the blood of fishes, and, in addition, Leger* has described one, which 
he calls Trypanoplasma intcstwalis, in the (esophagus and anterior 
part of the stomach of a salt-water fish, Box hoops,] 

[Of the recent observations upon the trypanosomes of fishes the 
following nfay be mentioned: Petrie - found a number of goldfisli {Caras 
sins auratus) infected at Klstree, Hertfordshire. This trypanosome closely 
resembles T. danileivskyi of the carp, with which Petrie thinks it is 
identical.] 

[Robertson*^ has found trypanosomes in Pleiironeclcs Jlesus, P, platessOy 
and Raja microcclhila caught at Millport, Scotland.] j 

[Montel * found a trypanosome resembling tliat of the eel in the blood 
of a fish of the genus Clarias {Silurus clarias) in Cochin China. He has 
given it the provisional name T, claria,] 

[Neave'^ has found trypanosomes in several species of Nile fish, the 
noke {MugiDy the dabib (Polypterus), the bagara {Bageus bayard)y and the 
gargur [Lynodontis schal).] 

[Castellani and Willey*’’ describe trypanosomes in several fish caught 
in a lake in Colombo, Ceylon. To one of them, found in a member of the 

’ [Ldger, C, R, Sac, Hioi.y v. 58, 1905, pp. 511-513.] 

2 [Petrie, of Hyg,y v. 5, April, 1,905, p. 197.] 

[Robertson, Proc, Roy, Phys, Soe. Edin.y v. t6, 1906, pp. 232-247.] 

^ Montel, C R, Soe, BioLfw 58, June 17, 1905, p. 1014.] 

^ [Neave, Second Report of the Wellcome Research Laboratory^ Khartoum, 

P- * 97.1 - 

** [Castellani and Willey, Quart, Journ, Micro, Sc,y v. 49, 1905, pp. 383-402. J 
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Silurida^, Saccobranchus fossilis, they have given the name T, saccobrmichi. 
Trypanosomes were also found in Macrones cavasius and Gohiiis ginris.] 

[The trypanosome of the* eel, first described by Sabrazcs and Muratet 
in 1901, has l)een found by Manca* in eels (eight out of seventeen 
examined) from different parts of Oristano, Sardinia. | 

jT)r. Bell has informed me that in Hong- Kong he found a large 
trypanosome (? T. gnimitositm) in (iels.] ** 

[J'irumpt and Lebailly - have briefly described a number of new fish 
trypanosomes, many of which were associated in the same host (marine 
Teleostians) with new h;emogregarines. The following species of fish 
were found to be infecteil : Tleiiyohcctcs platessa (Platcssa vulgaris), plaice ; 
Pi. flesns (Flesns vulgaris), ilounder; Liuiaudu platessoidcs ; Plaloplirys 
Interna ; Bothiis rhombus {Rhombus hevis), brill ; Bknniiis pholis ; Gobius niger ; 
Callionymns dracnncnlus ; and Coitus hubalis, ] 

[In addition to the above, l>rumpt-‘ has described several new species 
of trypanosome and of trypanoplasm in fresh - water fishes, as well as 
their mode of evolution in particular species of leech. The new 
trypanosomes were found in Barbus fluviaiilis, l)arbel ; Perea jhiviatiln, 
perch; Accrina eernua ; Coitus gobio, river bull-head; Scardinius erythroph- 
tlialmus, rudd or red-eye ; v'^arious species ot Lcuciscus, roaches ; Gobio 
fluviaiilis, gudgeon ; and Sqnalins {Lcuciscus) cepluilus, chub. A trypano- 
some found in the minnow (Rhoximis hevis) is regarded by Hrumpt as a 
new species, but Laveran thinks it has all the characteristics of 7'. dani- 
Irrjskyi of the carp.] 

['file new trypanoplasm s described and named by Brumpt \vere found 
in Cottus gobio ; Barbus Jluviatilis ; Abramis brania, bream ; and Salmo fario, 
trout.) 

[Leger,^ in 1904, de.scribed a new tryj)anosome as well as a new 
trypanoplasm in Cobilis barbatula, loach. j 

[Lastly, Keysselitz*'* states that he has found both trypanosomes and 
irypanoplasms in the following fishes obtained from various Cierman 
waters: Perea jluviatilis, Acerimi cernna, Lota vulgaris, Barbus jluviatilis, 
Cyprinus carpio, Carassius vulgaris. Tinea vulgaris, Abramis brama, Lcuciscus 
iiius, L. ccphalus, L, crythrophthalmus, L, rutilus, Esox Indus, and Cobilis 
barbatula. Trypanosomes (Trypanosoma) Nvere found alone in Anguilla 
vulgaris and Silurus glanis.\ 

[The trypanosomes of fishes belong, tlierefore, to two genera 
— Trypanosoma and Trypa noplasma. The latter genus comprises 
several species, in addition to that originally described by Laveran 
and Mcsnil in tlie red-eye and minnow {Tpl. borrcli), and that 
described shortly after by Miss Plehn^ in the carp (TpL cyprini). 
Trypanosomes of both genera are now known to occur in several 
species of fish — carp, loach, river bull-head, red-eye, barbel, bream, 
minnow, and others.] 

M 

J [Manca, C. /\\ Soe. Biol., v. 60, 1906, p. 494-] 

" [brunipt and Lebailly, C. A*. Ac<xd. Sdemes, v. 139, 1904, p. 613; Lebailly, 
ibid., p. 576.] 

•* [Brumpt, Rev. Scientif., September, 1905, pp. 321-332 ; abstract by Mesnil, 
Bull. Inst, Piist., V. 3, p. 920. Also C. A’. Soc. Biol., v. 57, 1904, pp. i6i 164 ; and 
V. 60, 1906, pp. 160-162, and 162-164.] 

* FLaveran, C. R. Boc. Biol., v. 57, 1904, pp. 250, 251.] 
tL<?ger, C. R. Soc. Biol., v. 57, 1904, PP* 344 , 345 -J 
U [Keysselitz, Arch.f. Protisicn., v. 7, 1906, pp. 1-74 ] 

" [Plelin, Arch.f. Protisien., 1903, v. 3, p. 175.] 
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Section 2.— Technique. Preservation of the Trypanosomes 

of Fishes. 

Examination of Living Parasites. — Several drops of blood 
can be easily obtained from a fish by incising two or three rays at 
the base of the caudal fin. An ordinary fresh preparation is made 
and at once examined for trypanosomes. If it be desired to preserve 
the blood in hanging-drop preparation or for subsequent inoculatfcns, 
the addition of a little citrated salt solution will prevent coagulation, 
but leave the motility of the trypanosomes unimpaired. 

The trypanosomes of fishes can live for several days in vitro. 
Berg (loc. cif.) kept the trypanosomes of the pike alive for six days at 
12° C. in an ordinar\’ blood preparation. Mitrophanov succeeded in 
keeping them alive for three or four days in blood mixed with salt 
solution. He states that a fairly low temperature is favourable to 
their preservation {loc. ciL, p. \t))j which agrees with our own 
observations upon T. leioisi. 

Chalachnikov (loc. cit.) states that he saw in the blood of Cypriniis 
carpio and Esox Inciiis, kept for several days in vitro, protoplasmic 
masses undergoing division, which he looked upon ns multiplication 
forms of the trypanosomes. Possibly the trypanosomes of fishes 
may become agglutinated in vitro, as other trypanosomes do, which 
would explain certain of the forms described by this observer. 

We have kept the trypanosomes of the pike alive for several 
days in pure blood and in blood mixed with salt solution, but we 
have not observed the division forms described by Chalachnikov, or 
any agglutination of the parasites. In order to see agglutination 
easily, it is obviously necessary that the trypanosomes should he 
fairly numerous in the blood, which we have never found to be the 
case with the parasites of fishes. Possibly the fishes examined by 
Chalachnikov were more severely infected than our own, and conse- 
quently agglutination was able to occur. 

Sabrazes and Muratet^ kept the trypanosomes of the eel alive 
in vitro for eight days at a temperature of lO® to C. 

[Lebailly‘^ succeeded in keeping trypanosomes of the eel alive foe 
nine days in ordinary slide and coverslip preparations, ringed with 
vaseline and kept at 24° C. For the first four to five days there was 
a definite multiplication of the parasites.] 

The method of staining fixed specimens of blood is the same as 
that previously given, but in order to obtain goA)d results certain 
special precautions are necessary. The fishes must be opened while 
still living and blood taken from the heart with a pipette. The 
blood is then spread in a thin layer on slides, rapidly dried over the 
flame of a spirit-lamp, and fixed ia absolute alcohol or in alcohol and 
ether. The atmosphere is saturated with water-vapour at the sea- 
side, and consequently blood-films dry so slowly in the ordinary way 

^ Sabr/iz^s and Muratet, Soc. de Biol., January r6 and 30, 1904. 

[Lebailly, Tldse Fac. Med., Paris, 1906; also Arch. parasitologic, v. 10, 1906.] 
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that the corpuscles and parasites have time to become altered in 
appearance. In the blood of dead fishes the blood-corpuscles and 
trypanosomes undergo rapid changes. 

Section 3.— Description of the Trypanosomes of Fishes 
belonging to the Genus Tvjfpmuimma. 

We shall consider first the trypanosomes of fresh-water fishes, 
and later those of salt-water fishes. 

Trypanosoma rrmaki^ Laveraii and Mesnil, 1901. — We have 
given the name. 7 '. remaki to the trypanosome of the pike, after 
Remak who first saw the parasite.^ 

This trypanosome appears to have a wide gtiographical distribu- 
tion — Remak, Berg, Danilcwsky, Chalachnikov, and we ourselves 
have seen it in tlui pike in various parts of Burope. The infection 



Fig, Cmj. Tkypaxosomks or thk riKK. 

Ji,2, 3. T. rcmalii \i\T. piirrif. 4. T. nnuilii var. n. Niic](.ns. c, OntrosoniP. 

;//. rndulalinj' memhrano. /. Flaijelliim. (Maj^nified nl'oiit 2,000 diameters.) 

is also a fairly frequent one ; thus, in Paris, as in Lorraine, we 
found parasites in three out of four pike weighing 500 grammes or 
more. The trypanosomes are never very numerous, and they are 
sometimes so scanty that a prolonged examination is necessary in 
order to find a single parasite. 

In fresh blood T. remaki looks like a minute worm endowed with 
very active movements, with an undulating membrane along one 
side. It wriggles and twists about more than T. leiyjhi, and often 
becomes rolled on itself. Its structure can only be satisfactorily 
made out in stained specimens. 

Most infected pike show j^arasites differing much in length, so 
that we have described two varieties of T, remaki (var. parva and 
ma^jia). 

T. remaki var. parva measures on an average 28 /x to 30 in 
length, including the flagellum, tfie body itself being 15 fi to 20 /x 
^ Laveran and Mcsnil, A end, dcs Saem es^ October 29, 190K 
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long. Some specimens we have measured were as much as 42 .<4 in 
length (body 25 /4, flagellum 17 /a), whilst others were only 20 /x long 
(body and flagellum each 10 /a). This var&tion in length appears to 
be independent of the process of division, for we have seen it when 
there were no dividing forms. The width of the parasites is about 

Fig. 69, /, 2, and j, gives a good idea of this variety of T. rcnuiki. 
The protoplasm of the body stains pale blue, is fairly homogeneous, 
and no definite granules can be seen in it. The nucleus (;/) and the 
centrosome (c) arc stained deep violet. The nucleus, usually oval in 
shape, is situated at the junction of the anterior and middle thirds 
of the body. It is composed of fine chromatic granules closely 
packed together and surrounding a central vacuole, in which there is 
often seen a granule larger than the rest. The spherical centrosome 
is small compared with those of the other species of piscine trypano- 
somes. The flagellum borders the undulating membrane and 
joins the centrosome. The undulating meinbram?; is not much 
folded, showing at the most five or six folds, and is very like that of 
r. leic'isi. The part of the body posterior to the centrosome is very 
short and bluntly conical. 

T. remaki var. magna (Fig. 69, ./) is at least 45 /t long (body 26 (x to 
28 /a) by 2 /X to 2’5 n wide. Some specimens may be as long as 57 /x. 

Besides the diflerence in si^e, this variety differs from the variety 
parva b\' the darker staining of its protoplasm, which may be partly 
due to the greater thickness. As in the case of parva, the protoplasm 
stains evenly, no granules being visible. In other respects the two 
varieties are practically identical — the nucleus has the same struc- 
ture in both, the centrosome is close to the posterior end, and the 
undulating membrane is slightly folded. 

These Isiirgc trypanosomes are not forms undergoing division, for 
we have never seen any specimens of T. rcmaki showing signs of 
division. 

In naturally infected pike we have never seen undoubted dividing 
forms, but have occasionally met with parasites of the variety parva 
with two nuclei. We have only met with dividing forms in the two 
pike experimentally inoculated. The pike from which these two 
were inoculated contained only the small variety of T. rcmaki, 
and all the parasites seen in these two experimentally inoculated 
pike likewise presented the appearances of the variety parva. The 
trypanosomes showed the same variations in length as did those of 
the naturally infected pike, and during the ten to fifteen days that 
the parasites were most numerous in the blood dividing forms were 
not infrequently met with. 

Trypanosomes about to undergef division increase a little in si^e, 
and especially in width. The length of such parasites varies from 
28 /A to 35 /A. The nucleus may divide first, as in Fig. 70, J, but 
more often the centrosome is the first to divide {2 and 4). 
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The centrosome enlarges (/) and then divides into two small 
spherical masses. These^are at first quite close together, but soon 
separate, remaining joined for a time by a small connecting portion, 
thus giving rise to the appearance of a dumb-bell. At the same 
time the root of the flagellum divides {2 and 7), and afterwards the 
flagellum divides throughout its whole length. • 

The nucleus when about to divide becomes elongated in the long 
axis of the parasite (/ and 7). The nuclear vacuole and its chromatic 
granule also elongate and divide, so that the chromatin becomes 
concentrated at the two extremities of the nucleus. iMually, there 
are two nuclei, one behind the other (Fig. 70, 3 and 5), each con- 
taining a vacuole with a chromatic granule. The nuclear division 



Fig. 70. — Different Stages in the Longitudinae Division of T. remaki, 
(Magnified about 2,000 diameters.) 


is of the direct type. At a given moment the trypanosome shows 
two nuclei, two ccntrosorncs, two undulating membranes, and two 
flagella; the protoplasm then quickly divides. The division is equal 
or subequal, so that the newly formed trypanosomes are not easily 
distinguished from the older ones. This mode of division is identical 
with that of T, brncei. 

Do the large and the small forms which wc have described con- 
stitute distinct species? 

In the pike which contained the two varieties parva and wagna 
we did not fi«d intermediate forms of the parasite. The large 
trypanosomes do not always coexist with the small ones. Finally, 
inoculations made with the small variety reproduced only small 
forms of the trypanosome. These facts arc in favour of a specific 
difference, but they are not conclusive. On the other hand, the 
great resemblance between the’ small and the large trypanosomes, 
except for the size, is in favour^ of their being a single species. 
Possibly the trypanosomes of the variety magna only appear in pike 
which have been infected for a long time with the variety parva. 
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We hope that this question will be answered by the experimental 
method we have initiated. 

TjiYPANOsoMA DANILEWSKYI, Lavcran and Mesnil, 1904. — Dani- 
lewsky was the first to record the existence of trypanosomes in the 
carp {Cyprinm carpio), and for this reason we have given his name 
to this species. We found T. danilewskyi in one out of four carp 
from Garches (Seine et Oise), and in two out of three carp, 14 to 
15 centimetres [about 6 inches] long, bought in Paris. These obser- 
vations were made in March, 1903. In September and October, 1901, 
the blood of two carp bought in Paris had given negative results. 
It is an interesting fact that we have often found small leeches fixed 
between the scales on the bodies of the carp, especially those coming 
from Garches. The trypanosomes were always verj' scanty in the 
infected carp. 



Fk;. 7j. — I'rvpaxosome.s ok the and of thk Tknctt. 

T. T. dnuihii'shyi, 2 and 7 '. timut. (Magnified about 2,000 diameters.) 


T, danilcii)skyi (Fig. 71, i) is 35 /x to 45 /x long, by about 3 /x wide, 
the free flagellum measuring 15 /x to 17 /x. The undulating mem- 
brane is broad and has many folds. The cenlrosome is fairly large 
and is close to the posterior extremity. The nucleus is elongated, ^ 
and is situated towards the middle of the body, but usually rather 
nearer the anterior end. The protoplasm contains chromatic 
granules varying in size and number. We have not seen any 
multiplication forms. 

We have already mentioned that another trypanpsome, Trypano’ 
plasma cyprini^ Plehn, has been found in the carp. This hjematozoon, 
which is quite distinct from T. danilcwskyi^ will be described later. 

[The trypanosomes found by Petrie in nineteen goldfish {Carassiiis 
anratus) examined at lilstree apparently belonged to this species. 
The parasites were scanty in every case. In the fresh condition 
they were very active and showed many contortions. The length of 
three individuals was 32 38*4 /x, and 48 e respectively ; the width 

was 2 /* to 3 /X.] 
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[Attempts to cultivate this trypanosome on rabbit-blood agar 
were unsuccessful. Short ‘ tadpole ’ forms, not very active, were 
seen in the culture tub^ in ten days, and on the eleventh and 
twelfth days small groups of four or five parasites were present. 
Petrie regards these flagellates seen in culture as degeneration 
forms.] , 

[A minnow {Phoxinus Icsvis) examined by Laveran harboured a 
trypanosome having all the characteristics of T. dcinileiz'skyi of the 
carp. In addition to this trypanosome, a trypanoplasm, apparently 
identical with that of the red-eye (TpL borrcli), lias been found in the 
minnow by Leger and by Laveran.] 

Trypanosoma tjnc.j:^ Laveran and Mesnil, 1904. — We found 
trypanosomes in three out of six tench (Tinea tinea) bought alive in 
Paris in March, 1903. Tench from 20 to 25 centimetres [8 to 10 inches] 
long were more often and more severely infected than younger ones 
from 12 to 15 centimetres long. We had previously examined 
this fish on several occasions (in Lorraine, August, 1901 ; in Paris, 
September and October, 1901), but with negative results. 

The trypanosomes were scanty or very scanty in the infected 
tench, but in one the parasites were fairly numerous in the blood, 
and particularly so in the kidneys. 

Dollein had previously recorded the occurrence of trypanosomes 
in the tench. The fish found infected by him were obviously ill, 
and died in large numbers.' 

In fresh blood the trypanosome is very motile, and is nearly 
always rolled on itself, so that one is unable to make out its shape 
and structure. It is necessary to study stained specimens in order 
to ascertain the details of structure. 

The parasite is about 35 /a long, by 2’5 to 3 /t wide. Its posterior 
end is in the form of a short, blunt cone (h'ig. 71, 2, j), and the 
centrosomc, which is fairly large, is not far from the postc;rior end. 
The nucleus is situated towards the middle of the j^arasite ; the 
undulating membrane is wide and shows several folds. 1 he free 
flagellum is fairly long. 

In several parasites the ceiitrosome and root of the flagellum had 
divided, so there is little doubt that in this case, as in that of 
7\ reniaki, multiplication takes place by equal division or bipartition, 
although we did not succeed in finding more advanced stages of 
multiplication.^ 

Trypanosoma a hr a mis, Laveran and Mesnil, 1904. In July, 1902, 
we found trypanosomes in the blood of a bream (.1 braniis brama) caught 
in the River Sarthe, between Sable and Avoise. Lnfortunately the 
fish died, and the blood on its arrival in Paris was already too decom- 
posed to allow of a study of the'trypanosome. 

The blood of three bream bought in Paris did not contain 
trypanosomes. 

‘ Dotlein, ‘Die I’rotozoen,’ etc., Jena, 1901, p. 71. 
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[We shall see later that Brumpt has described a new trypano- 
plasm, which he calls TpL abramidis, in the bream.] 

Trypanosoma G/?^iiYc:i.os(7.v,Laveran and Mesnil, 1902. — Sabrazes 
and Miiratet, of Bordeaux, were the first to give a description of the 
trypanosome of the eel {Aji/^uilla vulgaris), which we have called 
7\ grannlosiim. Th« infected eels were caught in the Garonne at 
Portets, and were from 25 to 30 centimetres [10 to 12 inches] in 
length. Eels of about the same size caught at various other places 
in the West of France did not harbour trypanosomes. 

Six cels, caught in the River Sarthe, near Sable, in July, were 
examined by us, and this trypanosome was found in every case. 
The parasites were scanty in the blood. Of nine eels examined at 
Roscoff in August, 1902, only one showed trypanosomes in the blood, 
and they were very few in number. We have looked in vain for 
trypanosomes in the blood of eels from the ponds at Garches, as well 
as of those bought in shops in Paris. 

[We have already mentioned the fact that trypanosomes have 
been found in eels in Sardinia (Manca), in Hong-Kong (Bell), and 
in Germany (Keysselitz).] 

In fresh specimens we have only been able to make out the great 
contortions of the body in many cases, and the large size the para- 
sites may attain. 

In stained preparations trypanosomes of all sizes arc found. The 
largest are 80 (i long — body 55 /^, flagellum 23 — by 2*5 /x to 3 fi wide. 
We measured two others which were smaller : one was 70 /x long, 
the flagellum being 30 /x; the other was 44 /x long, of which the 
flagellum measured 13 /x, T, grannlosum is shown in Fig. 72, 2, and 
in Fig. 13 of the coloured plate. 

[In eels caught in the sea Lebailly found a trypanosome which is 
smaller than that of eels caught in rivers. He calls this marine eel 
trypanosome T, grannlosum var. parva.j 

The posterior extremity beyond the centrosome is very short and 
rather pointed, while the anterior end is very pointed. The centro- 
some is spherical and relatively large. There is a well-developed 
undulating membrane, bordered by a flagellum which stains par- 
ticularly well. The protoplasm contains large granules scattered 
throughout the length of the body. These granules stain deep 
violet, and often appear upon an almost unstained background. 
They are sometimes grouped around the nucleus, ^vhich is then 
seen with difficulty. The nucleus stains reddish-violet, and is com- 
posed of a mass of chromatic granules. Sometimes it occupies the 
whole wudth of the body ; at other times, when it is narrower, it lies 
close to the concave side. 

Sabrazes and Muratet found that the trypanosomes of the eel can 
live for more than a week in bloojd kept in vitro at a temperature of 
10® to ig® C.^ Under these conditions the authors observed multi- 

^ Sabrazes and Muralet, oc. Sdc Biol , January 16 and 30, 1.904. [It has already 
been mentioned that Lebailly kept them alive for nine days at 24° C.] 
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plication of the trypanosomes, and young forms as well as dividing 
forms became quite common. Sabra^res and Muratct also succeeded 
in cultivating this trypanbsomc according to the method of McNeal 
and Novy. Attempts should be made to get a series of subcultures 
of T. granulosiim, as has been done with T. Icmst. 

TnYPAyosoMA soLF.Kj Lavcran and Mesnil, 1901.-— We found this 
parasite in only one of four soles (Soldi vidgam) caught in 
St. Martin’s Bay, near Cap dc la Hague, in the jnovince of 
Manche. The trypanosome was very scanty in the infected sole, 
which harboured in addition the Hccvwgregarimi simondi.^ 

At Koscoff we also found trypanosomes in the sole, but in even 
a smaller proportion than among the fish caught in St. Martin’s 
Bay. 

In fresh blood 7 \ solccv looks like other trypanosomes: its move- 




Fig. 72.- TKYPANOSOMISS OK THE Sole and of the Eel. 

I. Trypanosome of tljo sole. 2. Trypanosome of the eel. (Magnified about 2,000 

diameters.) 


ments are very active, and the undulating membrane, with the free 
ilagellum at the anterior end, can be distinguished. ^ 

In stained specimens the following details can be made out 
(see Fig. 72, /, and Fig. 12 in the coloured plate) : Ihe paiasite is 
40 fi long, the flagellum, which is very short, measuring only b fi. 
The anterior extremity is often less pointed than the posteiioi. 
The oval nucleus, containing largo chromatic granules, is situated 
about the middle of the body. The spherical centrosome is near 
the posterior extremity, and is considerably bigger than in I . rcmaki. 
The undulating membrane is well developed and the flagellum is 
well seen in stained specimens. The protoplasm contains several 
small chromatic granules in the^posterior part of the body, and also 
shows some fine longitudinal striations. 

Trypa.wosoma scylui, Laveran and Mcsnil, 1902.— We found this 
trypanosome at Roscofi in sixteen out of thirty-eight small dogfish 

1 Lavcran and Mesnil, C. R. Acad, Sciences, v. 133, October 14, 1901. 



492 TRYPANOSOMES AND THM TRYPANOSOMIASES 

{Scyllium canicnla), and in one out of three large dogfish {Scyllium 
stellarc), examined.^ 

The trypanosome is nearly always rolleU on itself, so as to form 
in fresh blood and even in stained specimens an almost complete 
circle bordered by the undulating membrane. The extremities, 
which are often folcV^d under and hidden by the body of the para- 
site, are not easily examined. Fig. 73, /, shows a T. scyllii in a 
blood-film stained in the usual way. Its length is from 70 /a to 75 /a, 
the flagellum measuring about 14 /a, and its width is 5 /a to 6 fi. 
The posterior extremity is conical and not very pointed. The })roto- 
plasm, which is finely granular, stains a deep blue by our usual 
method, and is easily distinguished from the undulating membrane, 
which is pale blue. The round or oval nucleus is situated at the 
junction of the anterior and middle thirds of the body. The centro- 
some, situated near the posterior end, is smaller than in T. soIclc, 
The flagellum joins the centrosome and borders the undulating 



Fk;. 7j. — Trvpanosomks of thk Dooffsii anp of the Kav. 

I. T. scyllii, 2 and 3. T. raja, (Magnified about i.fjoo diameters.) 


membrane, vvhich is broad, and presents several well-marked folds. 
We did not find any multii>lication forms. The parasites were 
always scanty in the blood of the dogfish examined. 

TrvpxI^sOsoma rajj:, Laveran and Mesnil, 1902. — Wo found this 
trypanosome at Roscoff in Raja piinclaia in all of four medium-sized 
or large fish examined. The blood of seven small rays gave negative 
results. It was found also in one R. mLicrorynchits examined, in one 
A’, moi^aica out of three examined, and in the one R. clavata examined 
(from St. Martin’s l^ay). The blood of A. alba^ R. microccllala^ and 
A. mirelatiis gave negative results. 

We think that the trypanosomes found in A. punctata^ A. mosaicUy 
A. clavata, and A. macroryiichnii belong to the same species, but we 
are not sure of this. The description which follows applies to the 
trypanosomes f>f A. punctata and of A. mosaica, studied in fresh blood 
and in stained films. • 

^ In our earlier papers we followed E. Moreau (‘ Manuel d’ Ichthyologic fran- 
(;aisc,’ 1902, p. 6) in giving to the small dogfish the name Sc. stellare {caluius), and 
to the large the name Sl\ cankula. There is no doubt that in Moreau’s work the 
names of thfe two dogfish were transposed by mistake. 
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T. raj(S is 75 fi to 80 long, by about 6 fi wide, the flagellum 
measuring about 20 //. The posterior extremity is usually very 
pointed, so much so that^it sometimes seems to end in a flagellum. 
The various intermediate forms of the posterior end and its staining 
reactions show, however, that this is not a flagellum. Fig 73, 
shows a trypanosome of the ray with such a pcjinted posterior end. 
Fig. 73, J, shows a trypanosome of the same species with a conical 
posterior end, and looking quite different from the parasite seen in 
Fig. 73, •?. The trypanosome with the blunt end bears a close 
resemblance to scyllii. 

The protoplasm stains a dark blue and contains fine chromatic 
granules. The round or oval nucleus is situated at the junction of 
the anterior and middle thirds of the body. The centrosomc, small 
and round, stains deeply, and is situated a considerable distance 
from the posterior end, especially when this is very pointed. 'I he 
flagellum joins the centrosome and is very thin, both where it borders 
the undulating membrane and in its free part. Fig. 14 in the coloured 
plate shows a T, raj<^ as it appears in films stained by our method. 

We have never seen any multiplication forms. These trypano- 
somes, which are always scanty in the blood, appear to have no 
pathogenic action. 

[The following is a brief description of the more recently described 
trypanosomes of lishes : 

[Ttypajwsoma clariic (Moiitel, ujosj. -This trypanosome was found in 
a Clavias (Silurus chinas) in Cochin China. In fresh preparations it is 
fairly active, but less so than 7\ lewisi. When stained its length is about 
60 fJL, and its breadth about 4 there is a short free flagellum. The 
posterior end is thick and truncated ; sometimes it appears bifid. The 
anterior end tapers ofl towards the free flagellum. 1 he protoplasm stains 
a deep blue, but in the anterior half of the body there are clear areas, 
which stain badly, and about the middle of the^ body in the region of the 
nucleus there are some longitudinal stria*. 1 he nucleus is large and 
feebly staining; it contains chromatic grannies, one of which is larger 
than the rest. The centrosome is large, and stains very deeply ; it is 
situated near the posterior end of the body. ^ There is a well-developed 
undulating membrane with numerous folds. The free flagellum is short, 
and does not stain very well.] 

[T. claricc resembles 7’. scyllii, T, raja, and especially T.^ramlosnm. It 
is thinner than the first two and a little broader than the last.) 

yi'rypanosonia platessa (Lebailly, 1904). Total length, 52 /x; width, 
3 ft to 3-5 /X ; free flagellum, 12 ft. There are numerous granules in the 
cytoplasm ; thft nucleus is at the junction of the anterior and middle 
thirds of the body. The posterior extremity is very pointed. The host is 
a plaice, Pletironectcs platessa (Platcssa vuigaris), which is found to harbour 
also a new haemogregarine, Hatnogregarhui platcssa , About one in six of 
the fish examined was infected with the trypanosome.] 

Vlrypattosoma flesi (Lebailly, ^,904). — Total length, 55 /x; width, 5 /x; 
free flagellum, 10 /x. The cytoplasm contains numerous granules; the 
nucleus is situated about the middle of the body. The posterior end of 
the body is pointed, and the centrosome is rather nearer the tip than in 
r. platessa. The host is Pleuronectcs flcsns {Flcsus vulgaris), flounder, which 
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harbours in addition a new' hacmogregarine, H. Jlesi. About 25 per cent, 
of the fish examined were found to be infected.] 

[Trypafiosoma laferm (Lebailly, 1904). — Trtal length, 65 /i; width, 
5 /A to 6 /X ; free flagellum, 8 /*. The cytoplasm contains large and 
numerous granules. The host is Platophrys laternce, in which a new 
ha'iTiogregarine, //. lalermr^ is also found. Only one in twenty of the fish 
examined was infected.] 

[Tiypanosoma limahda (llrurnpt and Lebailly, 1904). — Total length, 
45 width, 2 /A to 2-5 /A ; free flagellum, 20 /x. The posterior end of tlie 
body is very pointed. The host of this trypanosome is Limanda platcssoides^ 
one in six of which was found to he infected. | 

[Trypanosoma delagci (Brumpt and Lebailly, 1904). — This trypano- 
some is thin and fusiform, like the foregoing, l)iit is rather shorter. Total 
length, 33 /A ; width, 2-5 /i ; free flagellum, 12 /x. The posterior extremity 
is pointed ; the undulating membrane is almost as wide as the body itself. 
As in 7 *. limandie, the nucleus is nearer the centrosome than the free 
flagellum. Tlie host is Bhnnius pholisj which harbours in addition the 
Hamogregarimi hifremimi (I^averan and Alesnil). About 4 per cent, of the 
fish were found infected with tliis trypanosome.] 

[Trypanosoma gohii (Brumpt and Lebailly, 1904). — Total length, 6h /a; 
width, 5 n to 5*5 fi; free flagellum, 10 /x. The posterior extremity of 
the body is generally blunt or rounded otf. The host is Gobiiis niger, in 
which two new hjcmogregarines are found, IL hlanchardi and //. gohii. 
About half the fish were found infected.] 

[Trypanosoma callionymi (Brumpt and I^ebailly, 1904). -Total length, 
70 /X ; width, 5 n ; free flagellum, only 5 /x. The cytoplasm sometimes 
contains large granules. The posterior extremity of the body is long and 
tapering, and as a result the centrosome is situated some distance from 
the tip. The host is Callionymus dracunailus (about 20 per cent, infected) ; 
tvyo new haemogregarines, IL callionymi c\\u\ IL quadrigcmimij are associated 
wnth this trypanosome.] 

[Trypanosoma (Brumpt and Lebailly, i904).-~Total length, 53 /x; 
width, 5 fx; free flagellum, 8 /x. The posterior end is short and rounded. 
The host is Cottiis biibahs (three out of four found infected). 'Phis 
species of Coitus harbours also a new haimogregarine, //. cotti,] 

[These new trypanosomes of Ikiunpt and Lebailly belong to tNVO 
types : (i ) 1 he type of 7 \ rajee of Laveran and Mcsnil, in which the 
body is long and fairly wide (45 /x to 65 /x in length, by 5 /-t to 7 /x in 
width), and the free flagellum short (5 g- to 10 /x). To this type 
belong T. fled, T. gobii, T, callionymi, T. cotti, and T. latcrnce. 
(2) The type of T. leunsi, in which the body is short and thin (20 fj* 
to 25 /X long, by 2 /X to 2*5 fj. wide), and the free flagellum is fairly long 
(12 /X to 20 /x). To this tyoe belong T. limandee and 7 \ delagei. The 
T. platcssu' is intermediate betw'een these two types.] 

t 

[The hsemogregarines found in these fishes are also of two types. 
H. quadrigmina and H. gohii are 17 ^ long, by x-8 /x broad, and resemble 
H. higmim and H. simondi of Laveran and Mesnil. All the others are 
shorter and wider (9 /x to 12 /x long, by 2 /x to 3 /x wide). The hmmo- 
gregarines and trypanosomes frequently coexisted in the same fish, and 
the trypanosomes were always much .scarcer in a given species than the 
haemogregarines.^J f; 


* [Fjrom Mesnil's abstract in £ui/. Inst. Past., v. 2, 1904, p. 990]. 
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[Trypanosoma bothi (Lebailly,^ 1905). — Total lenf^th, 42 /x ; width, 
3 fi; free flagellum, 13 /x. The posterior end is thin and tapering. The 
nucleus is situated in the anterior half of the body. The host is Bofhns 
rhombus {Rhombus lavis), brift, which harbours also a new hseinogre^arine, 
H. boihu] 

[Trypanosoma (Bruinpt,^ 1906).— Total length, 5 c /x ; width, 3 /x ; 
free flagellum, 16 /x. The centrosome is 1*5 /x from the posterior end. 
The nucleus is 14 /x from the origin of the free*^flagellum, and t8 /x 
from the posterior lip. 1 he host is Barbus Jlitviatilis, barbel, in which a 
trypanoplasm also occurs.] 

[Trypanosoma pevcic (Brumpt, 1906). — Total length, 57 /x; width, 
3/x; free flagellum, 16 /x. 'I'he centrosome is 1*5 /x from the posterior 
end ; the nucleus is ecpiidistant from the anterior and posterior ends of 
the body. The host is Pcvca Jlnviatilis^ perch.] 

[Trypanosoma accrina (Hrumpt, lyof^).— Total length, 47 /x ; width, 
3/x; free fragellum, 17 /x. The centrosome is 1*5 /x from the posterior 
end; the nucleus 8 /x from the origin of the free flagellum, and 19 /x from 
the posterior extremity of the body. The host is Accvina ceniiui,'] 

[Trypanosoma phoxini (Hrumpt, 1906). — In the adult forms the dimen- 
sions are as follows: Total length, 46 /x; width, 5 /x ; free flagellum, 
12 /X. The centrosome is 1*5 /x from the posterior end; the nucleus is 
equidistant from the anterior and posterior ends of the body. In young 
forms the absolute and relative dimensions are a little diflerent. The 
host is PJwxintts lavis^ minnow, which harbours also the T rypanopUisma 
borrdi,'] 

[It has already been mentioned that Laveran regards this trypanosome 
of the minnow as identical with T. danilcushyi of the carp.] 

[T rypaiiosoma langeroni (Hrumpt, iqob). - Total length, 50 /x ; width, 

3 /X ; free flagellum, 13 /x. In old forms the width may be 6 /x to 9 /x, and 
the free flagellum 10 /x. The centrosome is 1-3 /x from the posterior end ; 
the nucleus is 16 /x from the origin of the free flagellum, and 18 /x from 
the posterior end. The host is Cottns gobio, which harbours also a 
trypanoplasm.] 

[Trypanosoma scardinii (Jlriimpt, 190G).— Total length, 54 /x ; width, 

4 ,a ; free flagellum, 18 /x. The centrosome is 2 /x from the tip, the 
nucleus 13 /x from the origin of the flagellum, and 19 /x from the posterior 
end. The host is Scardinins erythrophthalmns, red-eye, in which a trypano- 
plasm also occurs.] 

[Trypanosoma Icucisci (Hrumpt, 1906). - Total length, 48 /x ; width, 
3 fi ; free flagellum, 18 /x. Centrosome, 1*5 /x from lip ; nucleus, 9 /x from 
origin of flagellum, and 18 /x from the posterior end. This trypanosome 
is fKirasitic in various roaches, Lencisens genus.] 

[Trypanosoma elegans (Hrumpt, 1906).— Total length, 51-5 /x ; width, 
4-5 /x; free flagellum, 15 /x. Centrosome, 2 /x from tij) ; nucleus, 15 /x 
from origin of flagellum, 17 /x from posterior end. The host is Gobio 
gudgeon.] 

[Trypanosoma sqnalii (Hrumpt, i9o6).~-This was seen only in the fresh 
condition in the, blood of Squalius (Leucisens) ccphalns, chub. In size and 
general appearance it resembled the trypanosome of the gudgeon.] 

These various trypanosomes, which were found by Hrumpt in 
fresh-water fishes, can be divided into several groups according to 
their mode of evolution in the bodies of leeches, Hemidepsis (see 
Section 6). 

-.M 

y J [Lebailly, C. A’. Soc. Bio:., 59, 1905, p. 304.] 

* [Urumpt, C. R. Soc. Biol., v. bo, 1906, pp. 160-162.] 
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[Trypanosoma harbatula (Leger,^ ^904)* — This trypanosome is rather 
short and relatively stumpy. Its total length is 30 /x to 40 5 width, 4 /x 

to 6 [i; free flagellum, ii /x to 12 /x. The uncjiilating membrane is broad, 
and presents deep folds. The host is Cohitis harhaitilay loach, which 
harbours also a new trypanoplasm.] 

\^rrypanosoma saccobvamhi (Castellan! and Willey,- 1905). — This try- 
panosome was discovered in a member of the Silurida), Saccohranchits 
fossilis, in Colombo. ^ The discoverers give few details of morphology ; 
they merely state that the centrosome was very near the posterior end. 
The degree of infection in these fish varied very much. Endo-corpuscular 
parasites were not found in association with the trypanosomes.] 

[Tkypanosomks in Nilk Fish. — N eave** found trypanosomes in 
several species of Nile fish. The parasite of the noke (Mugil) had 
the following dimensions: Length, 50 /x ; width, 4 /x; free flagellum, 
12 /x; diameter of nucleus, 4 /x : distance of centrosome from tip, 3 /x. 
Neave states that this fish is a species of grey mullet, and has a gizzard.] 
[The trypanosome of the bagara (Baf^eiis bayard) had the following 
dimensions: Average hmgth, 51 /x to 58 /x ; width, 5 /x ; free flagellum, 
8 /X ; diameter of nucleus, 3 /x ; distance of centrosome from end, 0*2 /x.] 
[The trypanosome of the gargur {Lyaodoniis schal) measured as 
follows : Length, 24 ft to 43 /x; width, 2*3 /x to 4 /x; freie flagellum, 8 /i 
to 10 /X ; nucleus, 2 /x x 3 /x : distance of centrosome from tip, o’5 /x. 
From Neave’s figures it appears that this is a more slendcr-looking 
parasite than the first two.] 

[Trypanosomes were also found in the dabib (Polypterus) when the 
blood was examined fresh on three occasions, but Neave was unable to 
secure a stained specimen of the trypanosome.] 


Section 4. —Description of the Trypanosomes of Fishes 
belongring* to the Genus Trifpitnoplasma. 


We have already pointed out the characteristics of this genus 
(p. 26), so shall not refer to them again here.* 

[ Recent observations show that many species of fish harbour 
trypanoplasms. Brumpt is of opinion that the trypanoplasms found 
by him in several fresh-water fish are distinct species. Keysselitz, 
on the other hand, thinks that all the trypanoplasms seen by him in 
the fishes mentioned on p, 483 belong to one species, TpL horreli.'] . 

TmpANosoMA lioRREU, Lavcran and Mesnil, 1901, — This parasite 
was found in the blood of half the number of red-eye {Scardinim 
[Leuciscus] crythrophthalmns) caught in the ponds in G arches. Young 
fish are less frequently infected than those 15 to 17 centimetres 
long. In all the red - eye we examined, w^hether naturally or 
artificially infected, the trypanoplasm was scanty in the blood, a 
prolonged examination often being necessary to find the parasite. 

In fresh blood TpL borvcli is very active, so that it is impossible 


1 [Ldger, C. R. Soc. Biol., v. 57, 1904, pp. 344-347]- 

^ [Castellani and Willey, Quart. Journ. Micr. Science, v. 49, 1905, p. 383-402.J 
® [Neave, Second Report of the Wellcome Research Laboratory, Khartoum, 1906, 
P- >97-] 

* We have pointed out previously (p. 22, note 1) how we were induced to modify 
our earlier descriptions of the structure of the trypanoplasms. 
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to see any details of its structure. One can only see that it often 
changes its shape ; sometimes it takes the form of the letter C, with 
the undulating membrane •klong the outer side of the curve ; at other 
times it becomes straightened out like an amceba, when the body 
becomes as transparent as the undulating membrane. When the 
parasite moves, it travels with the larger end foremost. Neither 
nucleus nor granules of any kind are to be seen in the protoplasm. 

Stained specimens show that the structure is different from that 
of the trypanosomes. The body of 'Ppl. borreli is flattened and often 
curved, as shown in Fig. 74, /, and Fig. 16 of the coloured plate. 
The inner (concave) side of the body is thicker than the outer 
(convex) side, which merges into the undulating membrane without 
any sharp line of demarcation. The outer side of the body stains 
less deeply than the inner, but the protoplasm stains uniformly, 



Fig. 74. — TA'yp.txnrrj.s.i/.i iu>Kh'h:r/. 

i ami 2. Trypanoplasm of the red-eye. 3 and 4. Dividing forms. 5, Trypanoplasm of 
the minnow. (Magnifiwl about i,Soo diameters.) 


except for some dark granules which arc occasionally present. In 
some parasites the posterior end stains a dark blue, while the 
anterior end is very pale. The posterior extremity may terminate 
abruptly, or it may taper off, extending for some distance along the 
ftigellum. 

The body of the parasite undergoes frequent changes of shape as 
the result of amceboid movements, so that the form shown in b'ig. 74, 
although the most common, is by no means always seen. The 
form shown in Fig. 74, 2, is fairly common, and sometimes the body 
of the parasite is even straightcr, so that it comes to be more or less 
regularly oval. The length of the body, flagella excluded, is 
usually about 20 /a, while the width varies from 3 // to 4 /a or more. 

In well-stained preparations there are seen, at the junction of the 
'interior and middle thirds of the body, two masses of chromatin, 
'vhich are usually elongated with their long axes in the direction of 
Ihe long axis of the body. Of these two chromatic masses, the one 
i'ituated aS a rule on the convex or outer side of the parasite is the 

32 
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nucleus (Fig. 74, /, «)• It is larger and more oval in form, and 
stains less deeply than the other. The smaller of these two masses;, 
which is usually situated in the concaVity of the body, is more 
elongated and thinner than the other, and stains a deeper purple 
than the nucleus; it represents the centrosome (Fig. 74, /, c). 

The centrosome gives rise to two flagella^ an anterior flagellum, 
which at once becomes free (fa); and a posterior flagellum (fp)^ 
which winds round the anterior extremity of the body, borders the 
whole length of the undulating membrane, and finally becomes free 
at the posterior end of the body. Sometimes it may become de- 
tached from the body before reaching the posterior end, as is shown 
in Fig. 74, j and 5. The free part of each flagellum measures 
about 15 fi. 

We have seen some dividing forms in the blood of red-eye 
experimentally infected ; the centrosome divides first, then the 
flagella divide (Fig. 74, j and 4). 

Leger has often seen trypanoplasms very closely resembling 
Tpl. borreli in the blood of minnows (Phoxinus Uevh, Agass.) in 
Dauphin^. In some minnows the parasites are very numerous, and 
give rise to profound anaemia. The infected fish remains motion- 
less, refuses to feed, and finally dies.- 

In form and size the trypanoplasm described by Leger is closely 
allied to TpL borreli of the red-eye, but there are certain differences 
between them. In the minnow the parasites are more regular in 
shape than in the red-eye ; secondly, the former parasites often show 
large chromatic granules (Fig. 74, 5), and even pigment granuh^s 
(L6ger), which are not found in Tpl, borreli ; and, lastly, the trypano- 
plasm of the red-eye appears to be less pathogenic than that of the 
minnow. 

[As 'the result of inoculation experiments, Laveraiv* ** agrees with 
Leger’s view that the trypanoplasm of the minnow is the same 
species as Tpl, borreli of the red-cy^e. Of four minnows injected 
intraperitoneally with the trypanoplasm of the red-eye, two became 
infected, and the trypanoplasm of the minnow similarly infected yi 
red-eye.J 

[Our knowledge of the trypanoplasms of fishes has been con- 
siderably extended by the very thorough observations of Keyssclit/ 
published early in 1906.^ The following facts have been taken from 
the author’s long paper on the subject.] ^ 

[The infection in the carp, tench, and bream often presents a 
certain periodicity, especially a seasonal one, the infection being 

* [Both Lc^igcr and Kcyssclitz state, however, that tlie flagella arise from a 
marked granule— the diplosome — which lies very close to the centrosome.] 

^ L^ger, Acad, des Sciences^ March i8 and April 4, 1904. 

3 [Laveran, C. R. Soc, v. 57, 1904, pp. 250, 251.] 

^ [Keysselitz, Arch. f. ProHsten, v. 7, 1906, pp. 1-74 ; abstract by Mcsnil in 
BuU^ Inst. Pasf.^ v. 4, 1906, pp. 297-300, from which the account given in the text 
is largely taken.] 
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more intense in the hot weather.^ It is found also that a latent or 
mild infection may develop into a severe one after the lish has laid 
its eggs. Keysselitz goes* fully into the question of relapses and 
their causation. He succeeded only once in transmitting the infec- 
tion from one fish to another by injection, and he consequently 
regards the so-called successful inoculation results of other investi- 
gators as instances of a relapse rather than a fresh infection.] 

[As previously described by Leger, Keysselitz found a certain 
percentage of the infected fish succumb to the infection. The 
most important symptom is anaemia, which is evidenced by the 
pallor of the gills. Post-mortem one finds serous fluid in the peri- 
toneum, hydropericardium, and cedema of the organs, j 

[Keysselitz gives a detailed account of the morphology of the 
trypanoplasm, and of its evolution in the intestine of a leech, 
Phcicola ^eometrci (this will be referred to again in Section 6). 
According to this author, the life cycle and evolution of Trypano- 
plasma are very complex, and analogous to those of T. noctuie and 
Ihemamccba or Spirochceta ziemanni of the owl (see pp. 42-44), as 
originally described by Schaudinn.] 

[The blepharoplast (centrosome) contains both true chromatin 
and plastin or nuclear substance — a fact which is in favour of its 
nuclear origin. In successfully stained specimens eight peripheral 
chromosomes could be seen grouped around a central body.] 

[The nucleus, says Keysselitz, consists of a central karyosome 
and of eight small chromatic granules, which are often joined to the 
central body (karyosome) by very slender filaments. In certain 
cases, as in heavily infected fishes which are very aniemic, the 
granules of nuclear material are more or less scattered throughout 
the protoplasm.] 

[The nucleus divides by ‘ pseudo-mitosis.' The karyosome 
elongates and becomes dumb-bell-shaped, a fine thread uniting the 
two resulting karyosomes; each chromosome divides into two, and 
eventually two nuclei are formed.] 

[In «addition to the ordinary or ‘indifferent’ forms of the parasite, 
Iveysselitz describes two kinds of large forms, which he regards as 
sexual elements and calls gametes. The most characteristic differ- 
<mce between these two sexual forms is the presence of a well- 
developed blepharoplast (centrosome) and a relatively small nucleus 
in the male gametes, and a relatively large nucleus and small centro- 
some in the female gametes. When blood containing these sexual 
forms is swallowed by the appropriate leech, conjugation, followed 
hy further evolution, occurs (see Section 6). J 

Trypanoplasma cyprini, M. Plehn, 1903.- — Miss Plehn found 

. * [Brumpt thinks that this is clue, af least under natural conditions, to fresh 
. tes of leeches, in which the di^>cstion of the blood and the evolution of llie flagel- 
I'Ues occur very quickly in hot weather.] / 

“ M. Plehn, Arch, f. ProHsten., v. 3, 1903, p. 175.— Hofer, ‘ Handbuch der 
1 * Jschkrankheitcn,* and Allgcmeine Ftsekeret Zeitun^^ 1904, No. 3, p. 48. — 

32—2 
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this parasite in the blood of carp obtained from various sources, at 
the piscicultiiral station in Munich. In some cases the parasites 
were very numerous, and the infected fiSh could be recognised by 
the pallor of their gills. 

According to Hofer, this disease was prevalent in certain ponds 
in Germany in which carp-breeding was practised. The sick fish 
would remain for weeks on their side, the body bent in the form of 
an arc. When touched they would swim a few strokes and then 
resume their original attitude. Hofer’s assertions as to the cause of 
the epizootics of the carp (igoo-1902) must be accepted with some 
reserve, since TpL cyprini was only described in 1903. 

The parasite is fairly resistant, for it remains motile for several 
days in preparations of blood mixed with salt solution. When its 
movements slow down the flagella and undulating membrane can be 
distinguished. The latter begins at the anterior end, and does not 
quite reach the posterior end of the body. Contrary to what is 
found in Tpl, borrcli, the flagella are of unequal length ; the anterior 
is more than half as long as the body, while the posterior is only a 
quarter the length of the body. The posterior flagellum is slender 
and very difficult to stain. 

The body, which is flattened and lamelliform, twists and folds 
itself into all shapes, much like a piece of cloth that is shaken about 
in water. The protoplasm contains only a few fine granules. The 
body measures from 20 /x to 25 /a, but may be as little as 10 /a or as 
much as 30 /a long. 

Miss Plehn found that intra viiam staining with methylene blue 
stained the flagella w’ell, but left the nucleus unstained. Dried films 
stained by the Romanowsky-Ziemann method show two chromatic 
masses near the anterior end of each trypanoplasm. One of these 
masses, the nucleus, is irregularly spherical, stains red, and contains 
a number of granules w^hich stain more intensely than the rest of the 
nucleus. The other chromatic mass, which is rod-shaped and close 
to the edge of the parasite, .stains a deep purple, and gives rise to the 
two flagella.^ Miss Plehn questions the centrosomic nature of this 
ma.ss of chromatin, but does not give any definite interpretation of \t 
By Romanowsky's method the posterior flagellum does not stain. 

In blood-films treated for two hours with gold chloride, and then 
exposed to the sun for four hours in formic acid (Apathy's method), 
the chromatic mass from wdiich the flagella arise — and which we 
regard as the centrosome — is alone stained black. With other 
trypanosomes the same staining reaction is obtained in the corre- 
sponding chromatic masses (personal communication from Miss 
Plehn). 

Chalachnikov had previously seen this trypanoplasm ; some of the figures given l>y 
this author {op. cif.) leave no doubt upon the point. 

1 We would liere thank Miss Plehn for a letter which she sent to one of us 
March 26, 1904, correcting her earlier description of Tpl. cyprini. 
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Multiplication forms are rarely seen. In a film which Miss Plehn 
kindly sent us we found^ several parasites evidently undergoing 
division, as they showed two nuclei and two centrosomes. 

[The recently described trypanoplasms include the following : 

Trypanoplasma varinm (Leger,i 1904). — Length of body about 25 /*; 
of free flagella, 18 /i to 20 /a. This trypanoplasm is illied to Tpl, horreli, 
but its flagella are a little longer, and it does not possess the well-marked 
cytoplasmic granules seen in the latter form. Unlike TpL hovreli, it 
presents giant forms, which are amoeboid or vermiform in appearance. 
Moreover, Leger found that in certain streams containing both loacli and 
minnows only the former wwe infected with this parasite. From this 
fact he concludes that TpL varinm and TpL borreliare distinct species. The 
host of this trypanoplasm is Cohitis harhatula^ loach, which harbours also a 
trypanosome, T. harhatida,\ 

l^Trypanoplasma guernei 1905).— Total length, 54 /x ; anterior 

flagellum, i6 /x ; posterior flagellum, 4 /x. The centrosome is 9 /x long, 
the nucleus 7 /x. The protoplasm always contains black pigment. The 
host is Coitus gobio.'] 

YTvypanoplasnta havhi (Bnimpt, 1905). — In the fresh condition the 
body alone measures 26 /x. In stained specimens the parasite assumes 
the irregular forms described by Leger in Lpl. varinm. The anterior 
flagellum measures .18 /x, the posterior 9 /x. The centrosome is ii /x long, 
the nucleus 10 /x. The cytoplasm never contains pigment granules. 
This parasite occurs in the barbel, Barbus 1 htviaitlh,\ 

[Trypanoplasma ahramidis (Bnimpt, 1905). — This trypanoplasm, parasitic 
in the bream, was seen only in the fresh condition. Its body measures 
30 /X, the anterior llagelluni about 15 ft, the posterior 5 /x to f> /x.] 

[Trypanoplasma irntUc (Brurnpt, 1905). >• - Like the foregoing, this 
trypanoplasm was seen only in the fresh state. It is a small species, the 
body mea.suring only 20 ft, the anterior flagellum 12 /x, and the posterior 
flagellum about 4 /i. The host is Salmo favio, trout.] 

[Trypanoplasma intcstinalis (Leger,'* ^905)- — This trypanoplasm, 
the first to be described as occurring outside the blood, was found 
by Leger in the cesophagus and anterior part of the stomach of a 
salt-water fish {Box boiips). The body is 14 /x long, the anterior and 
posterior flagella each 16 /x. Leger describes, in addition to these 
typical forms, globular forms with three anterior flagella and a 
pudimentary undulating membrane. These, he thinks, are female 
forms, for he witnessed all stages of thc-ir penetration by typical 
forms (males).] 

[Trypanoplasma venirknli (Keysselitz,^ 1906). — In the paper on 
TpL horreli already referred to, Keysselitz incidentally mentions, 
and gives figures'of, this new trypanoplasm, which he found in the 
stomach and adjacent part of the intestine of Cyclopieriis lumpiis, from 
Bergen, Norway. In appearance this parasite closely resembles the 
blood trypanoplasms ; it has two well-developed flagella, each of 

^ [Ldger, C. A\ Soc. BfoL, v. 57, 1904, ‘pp. 344 ' 347 -] 

[Brurnpt, Rev. Scienttf., September 9, 1905, pp. 321-332 ; abstract by Mesnil, 
RuIL Inst. Pitsf.y V. 3, 1905, p. 920; also C. V. Soe, Bw/., v. 60, 1906, pp. ir) 2 -i 64.1 

^ [Ldger, C. R. Boc. BioL, v. 58, 1905, pp. 5 “- 5 i 3 abstract by Mesnil, BtBl. 

'90s. P- 448.] 

[Keysselitz, Arch.f, Proiisten.^ v. 7, 1906, p. 37. J 
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which takes origin in a distinct granule (diplosome) situated in front 
of the blepharoplast. The latter was freqji;iently divided into two.] 

Section 5.— Mode of Multiplication of the Trypanosomes of 

Fishes, 

•* 

There is very little information to be obtained upon this point in 
the works and papers hitherto published.^ Danilewsky states that 
the trypanosomes of fishes multiply by unequal binary division, the 
young forms looking like monads.' According to Chalachnikov, the 
young trypanosomes of fishes multiply by longitudinal fission. He 
also states that he saw in the blood of Cyprinus carpio and of Esox 
luciiiSy kept for several days in viti'o, protoplasmic masses undergoing 
division, which he regarded as multiplication forms of the trypano- 
somes.'* 

The trypanosomes are, as a rule, very scanty in the blood of 
fishes, and this partly accounts for the difliculty experienced in 
finding dividing forms. It may also be due in part to the fact that 
these forms are only found at the beginning of the infection, as in 
the case of T. Icwisi. In order, therefore, to obtain fish under 
favourable conditions for examining multiplication forms, we inocu- 
lated fishes experimentally by means of intraperitoneal injections of 
infective blood from fish of the same species. These experiments, 
which we made with the pike, eel, and red-eye, enabled us to study 
the most important phases in the multiplication of 1\ remaki and 
TpL borrcli. 

In our experiments we found that the trypanosomes multiply by 
equal or subequal binary fission, like T. brucci, for example.^ \V c 
have already mentioned the various stages met with in the repro- 
duction of remaki and TpL borreli^ so there is no occasion to refer 
to them again. 

Section 6.— Modes of Infection. 

We have seen in previous chapters that the mammalian trypano- 
somes are, as a rule, conveyed by biting flies. It is probable that 
the trypanosomes of fishes are conveyed by ectoparasites, which 
attach themselves either to the gills of the fish or to the surface of 
the body between the scales. We have often found small leeches on 
the bodies of soles, rays, and red-eye — fish which are frequently 
infected with trypanosomes or other haematozoa.'* 

^ [Kcysselitz’s paper on Tp/, borreli gives many details of the multiplication of 
this parasite, both in infected fish and in the stomach of the leech. Legcr and 
Brumpt also describe the evolutionary changes of trypanosomes and trypanoplasm^^ 
in various species of leech.] 

2 lUoL CentralbL^ v. 5, November i, ^885. 

3 ‘ Rcch. sur les parasites du sang,’ Charkov, 1888. 

Laveran and Mesnil, ‘Sur le n\pde de multiplication des trypanosomes des 
poissons/ Acad, des Scmices,^ June 16, 1902, and Arch, f, ProHsten,^ v. i, 1902- 

^ We have described hajmogregarines in the sole and ray (Laveran and Mesnd? 
Acad, des Sciences^ October 14, 1901, and October 13, 1902). 
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Leydig long ago found trypanosomes in the ingested blood of 
leeches caught on fish. From this it follows that leeches are 
probably concerned in the*transmission of these parasites. 

Keysselit;z, in Munich, succeeded in infecting various fishes by 
means of leeches taken from fishes of the same species (tench, carp, 
and pike) infected with trypanosomes.^ ^ 

Van Beneden and Hesse have described, under the name of 
Ilennhdclla soleaf,^ tlie leech which is frequently found on the bodies 
of soles, particularly at Koscoff. 

According to Leger, leeches serve to propagate the trypanosome 
of the minnow (private communication). 

The following experiments show that it is easy to inoculate the 
trypanosomes of a fish into another fish of the same species by 
injecting it intraperitoneally with a little infective blood. 

ExpERiMiiNT I.-— On April 15, 1902, a pike weighing about 500 grammes 
was killed., and its blood, which contained trypanosomes in very small 
numbers, was mixed with citrated salt solution and injected, in doses of 
1 c.c. of the mixture, into the peritoneal cavity of two young pike (15 and 
12 centimetres long). Tliese pike had been kept under observation for 
several months prior to injection, but trypanosomes had never been 
found in tlieir blood. The results of the injection were as follows : 

Pihe A (15 centimetres long): April 23, eight days after inoculation, 
trypanosomes absent ; May 3, trypanosomes present, but scanty ; May 1 1, 
trypanosomes more numerous. From Mcay 20 onwards the trypanosomes 
diminished in number, and on June 4 only one was found after a long 
search. The fish survived, and trypanosomes were still present in July, 
1902. Pike B {12 centimetres long) : May 2, seventeen days after inocula- 
tion, very few trypanosomes seen in blood ; May 7, trypanosomes more 
numerous, as many as five being seen in one field with a magnification of 
4«o diameters: May 13, fish killed; fewer trypanosomes present. The 
trypanosomes were not more numerous in the vessels of the kidneys or 
spleen than in the blood taken from the heart or from the periphery. 

Kxpkkimknt II. — An eel, which had never shown any trypanosomes, 
was ‘injected intraperitoneally with infective blood from another eel. 
Twelve days later trypanosomes were found in the blood of the injected cel. 

Expicrimknt lll. -On May 8, 1902, the blood of a red-eye containing 
a few Tpl, borreli was inoculated intraperitoneally into five other red-eye 
* (two medium-sized and three small). In each case the dose injected was 
about ^ c.c. blood con.siderably diluted with citrated salt solution. Ihe 
five red-eye were carefully examined for trypanosomes before the inocula- 
tion, but with negative results. On May 16 the blood of two fishes was 
examined ; trypanoplasms absent. From May 21 to 26, three of the 
fishes showed trypanoplasms in small numbers ; negative in^ the case of 
the other two fishes. On May 29 two of the fishes — those in which the 
blood examination was negative — were found dead (one small and one 
medium-sized). The trypanoplasms were scanty in the other three red- 
eye. The two small ones were killed ; the parasites were scanty in the 
spleen and kidneys, as well as in the peripheral blood. In the case of the 
medium-sized red-eye which survived, the blood was examined during the 
early days of June, and showed very few parasites. 

^ Hofer, op. ciL ^ , . 

^ ‘Rech. sur les Bdellodes,’ Mdm. Acad. Sciences Belgique, v. 34, p. 41- 
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This experiment with the trypanoplasm of the red-eye has been 
repeated several times, with similar results, the parasites appearing in 
the blood of inoculated fishes at the end 5f fifteen to twenty days, 
increasing in number for the next ten or twelve days, and then 
diminishing more or less rapidly. In no case has the blood of the 
inoculated fishes shown very many parasites, nor has death ever 
resulted from the direct effects of the presence of these haemato;5oa. 

Miss Plehn has succeeded in producing similar artificial infections 
in the carp. Of seven carp inoculated into the heart with blood con 
taining trypanoplasms, five were infected at the end of two to three 
weeks, but in each case the infection was a mild one. 

Inoculations from one species of fish into another have hitherto 
given uniformly negative results. This fact justifies the description 
of different species of trypanosome for the different species of fish, 
although the parasites themselves do not present any marked mor- 
phological differences. 

[The recent interesting observations of Lcger, of Krurnpt, and of 
Keysselitz prove that various species of leech act as the alternate 
host of the trypanosomes and trypanoplasms of iishes, and that in all 
probability leeches play an important, if not the sole, part in the 
transmission of the infection from one fish to another.] 

[h6ger^ examined the intestinal contents of leeches (Piscicola sp.) 
which had sucked the blood of loaches infected with T. harbaiulte. 
Eighteen hours after the meal of blood he found pyriform bodies 
without flagellum and with one nucleus, or with two unequal nuclei, 
which arose from the first by heteropolar division. Later on there 
were trypanosomes resembling the ‘ male,* ‘ female,* and ‘ indifferent * 
types of Schaudinn. The last multiplied actively by equal binary 
fission ; the others, which were larger, multiplied by very unequal 
binary fission, and finally the intestine of the leech contained many 
very small trypanosomes.] 

[Leeches (Hcmiclepsh luarginata) which had fed upon the blood 
of loaches infected only with trypanoplasms (TpL variiim) contained 
at the end of several days numerous small elongated trypanoplasms, 
some of which lacked the anterior flagellum.] 

[Brumpt*^ states that the trypanosomes of fresh- water fishes 
undergo their evolution in leeches of the genus Hemiclepsis. That 
of the trypanoplasms is said to occur, according to the species of 
trypanoplasm, in Hcmiclcpsis or in Piscicola. For* instance, the 
trypanoplasms of the loach and of the barbel, \vhich are morpho- 
logically very closely allied, undergo their evolutionary cycle, the 
first exclusively in Hcmiclepsis, the second exclusively in Piscicola.] 

« 

^ [L( 5 ger, C. /?. Soc\ BioL^ v. 57, 1904, p. 344 ; abstract by Mesnil, Bull. Inst. 
Pasty V. 3, 1905, p. i8.] 

[lirumpt, C. R. Soc. BioLy v. 57, i 9 o 2 [, pp. 165-167 ; ibid.y v. 60, 1906, pp. t6o- 
162 ; and v. 61, 1906, pp. 77-79 ; abstract by Mesnil, Bull. Inst. Past.y vols. 2 
and 4.] 
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[According to their mode of evolution in Hemtclcpsis, the fish 
trypanosomes may, according to Briimpt, be split up into several 
groups: (i) Those which* undergo evolution solely in the stomach of 
the leech, and never pass into the intestine or into the sheath of the 
proboscis. Such are T, cibramis, T. rcmaki, T. barbi, T. pcrae, 
T. sqmlii, and 7\ acerince. (2) Those in which development starts in 
the stomach and goes on in the intestine ; finally the trypanosomes 
get into the sheath of the proboscis. This is the mode of evolution 
of T. gramthmm, (3) Those in which development occurs in the 
stomach, and after a certain time the trypanosomes reach the sheath 
of the proboscis, as with T. danilewskyi and T. phoxini. In the case 
of T. baybatidce, T. langeroni, 1\ ficardiuii, and T. leucisci, the complete 
evolutionary cycle was not studied owing to lack of material.] 

[Brumpt describes fully the evolution of 7\ granulosum of the cel 
as it occurs in Heiniclepsis. Some hours after ingestion the trypano- 
somes in the leech’s stomach become pyriform, and have the centro- 
some near, or in front of, the nucleus, as in Cnihidiii. They multiply 
actively in the stomach, and at the end of forty-eight hours have 
nearly all passed out into the intestine. Here they become very 
elongated and assume Heypetomonas-formSf which they retain for 
several months. These give rise to trypanosome forms, which reach 
the sheath of the proboscis as early as the fifth day after the meal of 
infective blood. It is these forms which are inoculated into the eels, 
and by simple elongation assume the typical form of T. gyanidosiim. 
The complete evolutionary cycle as just described occurs only in 
Hemidepds ; in other leeches, such as Cidlobdella punctata, Hiyudo 
trpetina, and Piscicola gcometra, the parasites undergo certain evo- 
lutionary changes and then die oft' after a variable time. From 
Brumpt’s observations it appears that the infection is never con- 
veyed to the embryo leeches, and Kcysselitz has come to the same 
conclusion.] 

[Brumpt succeeded in infecting healthy fish by allowing them to 
be pricked by infected leeches.]^ 

[Two young carp and two river bull-heads, free from parasites, were 
infected simultaneously with trypanosomes and irypanoplasins by the 
bites of embryo Ilemiclcpsis and Piscicola, themselves heavily infected. 1 he 
incubation period was ten to seventeen days.] 

[Of eleven uninfected eels which were allowed to be pricked by 
embryos of Hemiclepsis, ten show'ed trypanosomes in the blood in less than 
six days. The fileventh eel did not l)ecome infected, owing to the removal 
of the part pricked, the pectoral fin.] 

[One Coitus hnhalis, pricked by Ctdlohdella punctata, also became 
infected.] 

[The evolution of the trypaiiosomes of salt-water fishes is a little 
peculiar. In the leech’s stomach the parasites lose their flagella and 

' [Hrumpt, C R. Soc. lUoL, v. 61, 1906, pp. 77-79 : abstract by Mesnil, MIL 
InsL PasU, v. 4, 1906.] 
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divide a certain number of times in this condition ; after some days 
flagellated forms again develop. T. solece and T. cotii develop 
exclusively in the stomach of Callobdella punctata^ and never pass 
into the sheath of the proboscis. T. scyllii and T. raj cr develop at 
first in the stomach of Poiitobdclla, and then pass into the intestine, 
where they have flagjfilla and divide a great number of times.] 

[The different species of Trypanoplasma develop, according to 
Brumpt, in different leeches : Tpl. giiernei, like 7 pi. borreli of the 
red-eye and minnow, evolutes in Piscicola; so also does TpL harbt. 
On the other hand, TpL abratuidis undergoes its development ex- 
clusively in HeniiclcpsiSf and never passes into the sheath of the 
proboscis. Tpl, iruttcr does not develop in Hemiclepsis or Hirudo; it 
probably does in PhcicolaJ\ 

[The most detailed account we possess of the development of the 
trypanoplasms in leeches is that of Keysselitz in the paper on 
1\ borreli previously mentioned. According to this author, the 
trypanoplasms of the various fishes studied by him all undergo their 
evolution in one species of leech, Piscicola ji^cometra.li 

[When blood containing the gametes described on p. 499 is 
swallowed by this leech, the sexual forms conjugate. There is 
fusion of the two cytoplasms, followed by that of the respective 
nuclei, the true nuclei uniting after at least one reduction process. 
There results from this fusion an ovoid mass, without flagellum, 
resembling the ookinetes of the endocorpiiscular ha^unato/oa or of 
T. Icwisi (Prowazek ; sec p. 89). Two chromatic masses can be dis- 
tinguished in this oval parasite : a compact mass which arises from 
the union of the two blcpharoplasts, and a granular one which arises 
from the fusion of the two reduced nuclei.] 

[These ookinetes, or ^ copulas,’ soon give rise to typical trypano- 
plasms, of* which there are three kinds. On the analogy of those 
described by Schaudinn in T. noctiice, these three kinds are called 
‘ male,’ ^ female,’ and ‘ indifferent.’ As in the case of the gametes 
(sec p. 499), the chief difference is in the size of the nuclei.] 

[From this time onward there is an abundant multiplication of 
the parasite in the intestinal contents of the leech, and different 
forms are seen. Some are very thin (Keysselitz calls them spiro- 
chaetiform), yet they have all the characteristics of trypanoplasms ; 
others are short and stumpy. The latter are to be correlated with 
the thick consistency of the contents of the leech’s intestine, for as 
soon as these contents become thinner, as after a mesh meal, the 
parasites assume the normal shape, and it is in this form that they 
are inoculated into fishes.] 

[The multiplication of the stumpy forms was followed with great 
care — it is by equal or unequal binary longitudinal fission. In 
certain favourable cases a system of longitudinal fibrils or myonemes, 
like those described by Schaudinn in T. noctticc^ was seen. Lastly, 
Keysselitz observed in certain trypanoplasms in the leech some- 
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what complicated nuclear. changes, which he regards as evidence of 
parthenogenesis.] 

[The infected leeches may present morbid phenomena which 
coincide at times \vith the period of intense multiplication of the 
trypanoplasm. The most obvious sign is marked swelling of the 
body from the clitellar region backwards; in addition to this, there 
is an alteration in the colour of the body, the animal becomes less 
and less active, and finally dies.] 

[Unlike other investigators, Keyssclitz failed to produce experi- 
mental infection in fishes by means of infected leeches.] 

[Keysselitz thinks that other leeches besides Piscicola can sub- 
serve the development of 'rrypanofylawui. In experiments, which he 
had not concluded at the time of writing the paper, he observed the 
initial stages of evolution in Hiruclo medicinalhJ] 

[Finall}^ it may be added that Ke3'ssclitz is of opinion that all 
the hitherto described trypanoplasms parasitic in the blood of fishes 
belong to one species, which should be known as Trypanoplasm a 
borrcli, Laveran and Mesnil.] 



CHAPTER XVIII 


THE TSETSE-FLIES AND THEIR TRYPANOSOMES 

Part 1. — The Trypanosomes of Tsetse-Flies. 

[Flagellates (trypanosomes) have been found in the gut of ‘native’ 
or freshl}' caught tsetse-flies. This is an important fact in view of 
the statements of Gray and Tulloch, and of Koch, that ingested 
mammalian trypanosomes ( 7 \ ^ambiensc and T. hrucei) undergo 
developmental (? sexual) changes in tsetse-flies. ] 

[Novy^ has studied these fly trypanosomes in the intestinal con- 
tents of specimens of Gloswui palpalh sent to him from Uganda. 
From a review of the recorded observations of Koch,- and of Gray 
and Tulloch,'^ as well as from his own cultivation and other 
experiments, Novy concludes that the trypanosomes met with in 
the tsetse-flies are harmless non-parasitic flagellates corresponding 
to the equally harmless Herpctomoiias and Crithidia observed by him 
in mosquitoes.^ He bases this view upon the following facts: (i) The 
large si^e of the tsetse-fly parasites compared with the blood- forms ; 
(2) their presence in flies which had not been fed experimentally on 
infected animals ; (3) the failure to obtain any development of the 

^ [Novy, Infect. Dis.^ v. 3, 1906, pp. 394-41 1 ; abstract by Mcsnil in 
Bull. Inst. Past.^ v. 4, igof), p. 606. | 

[Koch, Deutsche mcd. IVochc/ischr.^ November 28, 1905, pp. 1865*1869.] 

® [Cray and Tiillocli, Sleepiuif Sichness Commission Peporf No. 6, 1905, 
pp. 282-2S7.] 

[In a re(:ent paper upon the ‘Trypanosomes of .Mosquitoes and other Insects' 
(Journ. hif. pis., v. 4, No. 2, April, 1907, pp. 223*276), Novy, McNcal, and Torrey 
maintain their earlier view (see p. 38) that ‘the mosquito flagellates arc not stages 
of intracellular organisms, but arc probably parasites peculiar to the insects.' 
These observers have given the name Trypanosoma ctilicis to a flagellate found in 
several specimens of Culcx, and they state that the parasite found by the Sergents 
in the gut of a larva of Anopheles maculipennis (sec p. 37) closely resembled their 
flagell^. They state, further, that the flagellates of mosquitoes belong to two 
easily differentiated types, Crithidia and Ilerpetomonas ; and that*thcse two types 
are corttmon in other insects, and should be placed under the trypanosomes, 
instead of being classed as distinct genera.] 

[They give the narne T. christophersi to a trypanosome found by Christophers 
in the gut of a dog-tick, Rhipicephalus sanja^incus, in Madras. The flagellates 
.seen were typical cultural forms ; total length, 30 /t 1045 including free flagellum 
8 M to 12 /It. There is a prominent undulatii\g membrane, extending over about 
half the length of tb.e body. The nucleus is situated about the middle of the body ; 
the centrosome is close to, and on one side of, the nucleus, but sometimes it lies 
immediately in front of it. This trypanoilome is not a developmental phase of 
Piroplasma cams, and we have no proof at present that piroplasms pass through 
a trypanosonie stage in their life-cycle.] . 

508 



THE TSETSE-FLIES AND THEIR TRYPANOSOMES 509 


trypanosomes ingested by flies fed on infected animals ; (4) the failure 
to infect susceptible animals with the flagellates of the tsetse-fly ; 
and (5) analogy with the* flagellates (trypanosomes) of mosquitoes.] 
Several varieties of trypanosome were ])resent in these flies, and 
Novy thinks there may be several species. He gives the name 
Trypanosoma grayi to the numerous forms seen in one of the flies. 
These very varied forms come under two types, just as Novy had 
found in the case of T. avium of birds. Type i (see Fig. 75, «) is thin 
and very elongated (body 18 jn to 29 long, by o-6 /* to i /i wide), with 
a long free flagellum, so that the total length may be 36 n to 48 g. 
The nucleus is rod-shaped, very deeply stained, and compact ; the 
centrosome is large, deeply stained, quite round, and immediately 
anterior to the nucleus. In this type, as well as in the other types 



Fig. 75. — Trypanosomes ok the Tsetse-klv {T. firayi). 

a, Male form with compressed nucleus and long free llagellum. h and c. Female forms, 
posterior extremity thickened, short free flagellum. In a later publication {Natuye, 
November 15, igoh), Minchin calls c an * indittcrent ’ form. (/. Young form resulting 
from the unetjual division of a large female form, ti, h, anti c are from the gut of 
the t.sctsc-Hy [Gl. palpalis) dis.^ected ten days after having fed on an uninfected 
monkey, d is from the gut of a fly twenty-four hours after its first feed of blood. 
(After Minchin, (Jray, and Tullocli. Magnified about 2,000 diameters.) 

of tsetse -fly trypanosomes, there is, says Novy, a more or less 
marked diplosome situated near the nucleus, usually between it and 
the centrosome. It may be mentioned that a diplosome has also 
been described in some of the Ihrpctuwnnus.] 

[Type 2 (see Fig. 75, 6, c) is a wide and long ribbon-like form, 
with a short free flagellum and a well-developed undulating ^inem- 
brane. The "^nucleus is rounded (about 2 /a in diameter), and the 
centrosome is usually just in front of the nucleus, but may be lateral 
or even posterior to it. Novy compares these two types to the 
‘ male ’ and ‘ female ’ types respectively of T, gambiense described by 
Koch in GL palpalis.^ 

[As Gray and Tulloch had shown, division is very unequal (see 
Fig- 75> d) these trypanosorAes, and usually takes place in the 
ordinary way, starting in the centrosome.] 
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[The preparations from the other tsetse-flies showed forms differ- 
ing from the preceding and from one another, although evidently of 
the same generic group. Novy distinguifhcs three types, one of 
which he says might possibly be regarded as having some relation to 
T, gambicme (see Fig. 76).] 

[Minchin, Gray, and Tiilloch^ have studied, in Uganda, the 
GL palpalis in its relation to T. gambicnsc and other trypanosomes. 
They confirm Novy’s observations upon these trypanosomes of the 
tsetse-fly, and Minchin has given the name Trypanosoma tullochii- to 
the type which Novy says is most like the human trypanosome. 
T, tiillochiirig.yG, a, b, c) is distinguished by its more rounded nucleus, 
situated near the middle of the body, and by its small, usually 
circular, ccntrosome, situated well behind the nucleus.] 



Fig. 76. Trypaxosomks of the Tsf.tse-Fly ( 7 . tulhchi), 

a. Large form, with minute circular ccntrosome, from the gut of a fly. b. I.arge form, 
from the proventriculus of the same fly, c. Dividing form, common type, from 
the gut of the same fly. {.After Minchin, Ciray, and Tulloch, Magnified, 2,000 
diameters.) 

[Tsetse-flics known to contain T.grayi or T, tiillochi^ or both, were 
fed on various animals — fifteen monkeys, two guinea-pigs, one white 
rat, and two hens — but in no case did these animals become infected 
by the bites of the fly. As we have seen, however, in the chapter on 
Human Trypanosomiasis, Bruce, Nabarro, and Greig succeeded in 
infecting monkeys with T. gambicme by allowing /rt's/z/y caught tsetse- 
flies to feed upon them.] 

[An interesting observation of Minchin, Gray, and Tulloch seems to 
show tjjat goat serum has a remarkable effect upon T.grayi, and not upon 
T, gamhiense. A large number of freshly caught tsetse-flies* were fed on a 
native goat, and on dissecting these flies (some 500 in number) not a 
single one was found to contain trypanosomes. Other flies, caught at the 
same time and place, fed on the other experimental animals (monkeys, 

^ [Minchin, Gray, and Tulloch, Proc. Roy. .W., Series 15, v. 78, 1906, pp. 242- 
258 (with 3 plates) ; reprinted in Report of Sleeping Sickness 'Commission of the 
Royal Society, No. 8, 1907, pp. 122-136.] 

2 [In conformity with the rules of nomenclature followed by Laveran and Mcsnil 
and adopted throughout this volume, I propose to amend the name given by 
Minchin, and to call this trypanosome Trypanosoma tullochi. — Ed.] 



THE TSETSE-FLIES 


5TI 


etc.), Avere found to contain trypanosomes in the usual proportion. Pre- 
parations were then made of goat serum and T. grayi, and of the same 
goat’s serum B.nd gambiensc. It was found that in the preparation of 
T. grayi the trypanosome^ were rapidly immobilized and died off, while 
the T. gambiense remained active. Similar preparations made witli human 
serum instead of with goat serum showed that the trypanosomes were 
unaffected in either case. This result seems to furnish an additional 
means of distinguishing between 2'. gambiense and T\ gyayi,\ 

[Minchin ^ has recently described a stage of eiicystment of T. gmyi in 
the proctodaium of GL palpalis. The undulating membrane disappears, 
so that the parasite comes to resemble the genera Ilerpctomonas and 
Crithidia ; the flagellum becomes gradually shorter, and appears to 
become retracted into a pink-staining vacuole (see Fig. 9 ), reminding one 
of the flagellar vacuole described by Leishman during the formation of the 
flagellum in cultures of the Leishman body. A pink-staining cap, which 
is formed at the hinder pole, gradually extends round the parasite, and in 
this way an irregularly-circular cyst, containing a darkly stained ceiitro- 
some and a somewhat fragmentary nucleus, is produced.) 

[The other parts of the gut of this fly contained normal trypanosomes — 
very few differentiated sexual forms, but many indifferent forms, which 
gave rise to young forms and ultimately to the small IlerpetomonasAWiQ 
forms found in the proctodseum. Owing to lack of nutriment here these 
forms, it is suggested by Minchin, became encysted.] 

[These cysts closely resemble the ‘schleinl-cysten * described by 
Prowazek- in Herpetomonas mnsca-domcsticeey and, as in the case of the 
hou.se-fly, they are no doubt destined to pass out of the fly’s gut with its 
dejecta. The house-fly, being a foul feeder, becomes infected with the 
Herpetomonas by swallowing these cysts with its food. Not so, however, 
the tsetse-fly, which is very particular about its food. Minchin suggests 
that these cysts are destined to be swallowed accidentally by some verte- 
brate, the —as yet unknown — host of T, grayi, in order to germinate in its 
digestive tract, to pass thence into the blood, and to be taken up again 
with the blood by the tsetse-fly. Minchin proposes to call this type of 
infection — which has been proved by Schaudinii to (jccur in the case of 
Amoeba coll infection — the contaminative type. In the other mode of infec- 
tion, which Minchin calls the inoculativcy the parasite, after going through 
developmental changes in the insect, passes back again into a second verte- 
brate host through the proboscis, as in the case of malaria transmitted by 
a mosquito.] 

Part 2.— The Tsetse-Flies. 

The study of the African trypanosomiases is intimately connected 
with that of the tsetse-llics. In the chapter on Nagana and Human 
Trypanosomiasis we have quoted the experiments of Bruce, Nabarro, 
and Grcig, showing the role of the tsetse-fly in the propagation of 
these diseases. A volume like the present one, dealing with the 
trypanosomiases, ought, therefore, to include an account of the 
morphology, biology, and taxonomy of the genus Glossina. We 
have taken these from Austen’s monograph, •* which gives a compre- 
hensive account of the tsetse-flies, as well as a full bibliography. 

* [Minchin, J*roc. Roy. Soc., .Series H, v. 79, 1906 ; reprinted in Sleepmg Sick- 
ness^ Commission Report^ No. 8, 1907, p. 1 37-1 4 2.] 

- [Prowazek, Arb. a. d. kaiserl. Geiund.^ v. 20. 1904, p. 44'S]. 

E. E. Austen, ‘A Monograph of the Tsctsc-Klies (genus Glossina,V^^sX\\viod\ 
based on the Collection in the British Museum, with a Chapter on the Month- 
Parts, by H. J. Hansen, London, 1903. 
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For a long time the name tsctse-fly was synonymous with one 
well-known species, Glosslna morsitans, Westwood. It was this 
tsetse-fly which was suspected of playing the principal part in the 
propagation of nagana, and the attention of explorers was naturally 
drawn to this particular fly on account of the personal annoyance it 
produced, and loss of animals to which it gave rise. Later on, how- 
ever, other species ot the same genus, with habits similai to .those of 
GL morsitans, were discovered, and writers have not always dis- 
criminated between these species of tsetse-fly. Thus, the name 
‘tsetse-fly’ is now used to include all the species (Austen recognises 
eight) ^ of the genus Glosslna, 

We shall first consider the genus Ghssina as a whole, for it is 
highly probable that GL morsitans is not the only species concerned 



ABC 


Fig. yj. -Gi.o^s/x.i .ia>a-.s 7 /w.vs-. (After 1.5rl*ce.) 

A. Resting condition, with the wings completely overlapping. B. Fly with the wings 
extended ( x 2i). C. Anterior part of fly seen in profile. 

in the propagation of nagana and the other African animal trypano- 
somiases. Moreover, it has been proved that it is another species - 

GL palpalis — which conveys the parasite of human trypanosomiasis. 

The tsetse-flies are not very large in size, being a little larger 
than the ordinary house-fly {Musca domcstica), and decidedly larger 
than Stomo.xys calcitrans. Their appearance does not bear out their 
terrible reputation. 

A tsetse-fly, when at rest, can be at once recognised by the wings, 
which almost completely overlap like the blades of a pair of scissors 
(see Fig. 77, a). In other flics which rcscunblo the tsetse more or 
less cfescly {Stomoxys, Hcematopota) and, like it, suck blood greedily, 
the wings are always separated a certain distance wheVi the flies are 
at rest. The proboscis of the tsetse projects horizontally in a line 
with the axis of the body (Fig. 77, c). This is also the case in 
SUmioxys, but in the latter the palpi do not ensheath the proboscis, 
as they do in Glosslna, so that the prgboscis appears thinner. The 
male tsetse is easily distinguished from the female by the external 

^ [The original gives the number as seven, but, as has been stated on p. 120, 
footnote 3, Austen now recognises oV. lachinoidcs as a distinct species.] 
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genital organ, which forms a well-marked protuberance (hypopygiiim) 
on the ventral surface of the abdomen near the distal end. The 
females have no hypopj^gium. 

The tsetse-fly is usually found in low-lying, hot, moist regions, 
such as the banks of rivers and lakes, and never occurs far from 
water. It is found in the vicinity of dense unde^rowth or in forests — 
never in open plains. It appears to have a predilection for the shade 
of certain trees or shrubs, such as the mimosa, as noted by Chapman 
in South Africa, and by Morel on the Shari. Occasionally it is met 
with on hills, as, for example, in North Transvaal. In North 
Rhodesia the tsetse has been found 4,110 feet above the level of the 
sea. [In Uganda, which is about 4,000 feet above sea-levcl, tsetse- 
flies abound along the shores of the Victoria Nyanza and on all the 
islands in the lake. The tsetse-fly, GL palpiilis, has also been found 
recently on both shores (Congo Free State and Uganda) of the 
Albert Nyanza, about 2,400 feet above the sea.] 

In the so-called ‘ fly belts’ the tsetse is not necessarily universal. 



Fig. 7S. — G/.uss/x.i (Akteu J>ruce.) 

A. Fasting fly. li. Fly with its abdomen distended with blood after a feed. ( x 2J.) 

It is often strictly localized to small areas which are thickly wooded, 
or where there is dense undergrowth, the intervening areas being 
quite free. Or a region may be infested with the tsetse except in 
glades or clear spaces, where it is never met with. It is, therefore, 
possible to travel with animals through such an infested region by 
travelling at night and spending the day in these glades. Some- 
times the fly is found on one bank of a river and not on the other, 
as Livingstone described in the case of the River Chobe. 

The fly bites most furiously during the day, less so in the evening, 
and only very rarely at night, when the moon is shining brightly. 
Both sexes are blood-sucking. 

‘ On entering “ fly country,'’ ’ says Bruce, * one is not long left 
in ignorance of the presence of the tsetse. The natives may be seen 
slapping their naked legs, the dogs bite round, and the horses kick.’ 
In places covered with dense undergrowth one may be attacked by 
thirty or forty flies in the space of a few minutes. 

The fasting tsetse ‘ has a direct flight, flopping, if I may use the 
term, suddenly on the animal attacked’ (Bruce), and, as the fly likes 
shade and hides itself under leaves, amongst the hairs of animals, 
and in the folds of the skin, it is not easily seen, but the effects of its 
bite quickly reveal its presence. 


33 



514 TRYPANOSOMES AND THE TRYPANOSOMIASES 

‘ The fly makes a loud buzzing sound when flying, but after its 
feed and at rest it emits a peculiar sharp, shrill note, probably caused 
by an action of the wings ’ (Bruce). 

The fly alights on the skin so gently that one does not feel it. 
According to Foa, the insertion of the proboscis is painless ; Bruce 
says it is less painful^that in the case of the mosquito ; while others 
compare it to the sting of the bee or wasp. Occasionally, in as short 
a time as twenty or thirty seconds, the fly fills itself with blood (sec 
Fig. 7S, A and B), and the abdomen becomes first pink and then dark 
red. When the fly withdraws its proboscis after feeding, slight 
irritation at the place punctured is usually experienced. 

A tsetse gorged with blood is lethargic and can be easily caught. 
As a rule, the fly cjuickly goes back to the undergrowth, where it hides 
and digests its meal in peace. 

That the tsetse follows the big game is the unanimous opinion of 
explorers, travellers, and sportsmen who have been in Central and 
South Africa. There may be game without tsetse, says Thciler, but 
there is no tsetse without big game. Tht latter appears, however, 
not to be true in the case of British East Africa and Uganda, where 
tsetse-flies are found in the absence of big game ; but before attempt- 
ing to explain this fact further observations upon this point are 
necessary to show conclusively that such is really the case. If true, 
it may be explained, for example, by the survival of the flies during 
a dry season which has caused all the big game to migrate from its 
ordinary haunts, or by the fact that the Britisli East African species, 
to wlp’ch the observation refers, arc different from those found in 
South and Central Africa — GL inorsitans, etc. 

Unlike most of its allies, the tsetse avoids the excretions of 
animals, so that animals whoso bodies are covered with a layer 
of excrement are thereby protected from the bites of the fly (Living- 
stone). As soon as one begins to disembowel an antelope covered 
with tsetse-flies the latter disappear (Foa). 

Mode of Refkouuction. — We are indebted to Bruce for a de- 
tailed account of the mode of reproduction of the tsetse. The tsetse- 
flies — or at least some of them — belong to * the group of parasitic flics 
which, on account of their peculiar mode of rejuoduction, have been 
tern^d Pupipara’ (Austen).^ They extrude a yellowish larv^a, which 
is almost as large as the abdomen of the mother. The larva in the 
species studied by Bruce (according to Austen, this was not Glossiiia 
morsitans, but the closely allied species GL pallidipes, or possibly 
both) is about 6i millimetres long, by about 3 J millimetres wide. It 
is annulated and consists of twelve segments. ‘ Immediately on being 
born the larva creeps about actively, evidently searching for some 
cover or hole in which to hide. Having found a resting-place, it 

V 

. ' [Of fliese tlie best known are the mammal and bird parasites belonging lo 
the family Hippobosddfr (Austen, op, at., p. 24).] 
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immediately begins to change colour, and after a few hours has 
turned into a jet-black hard pupa.’ (For details of structure, see 
Fig. 79.) * 

‘ If these pupal cases are kept in a perfect!}' dry place, the perfect 
insect hatches out in about six weeks. ... It has often been sur- 
mised that this lly is bred in buffalo-dung, but^from a consideration 
of the foregoing facts it is evident that nothing is wanted except any 
moderately dry place * (Hruce). 

[It has been mentioned (see p. 413) that in Uganda Bagshawe 
has found that the natural habitat of the pupa of GL palpalh is the 
loose soil around the roots of banana-trees along the lake-shores.] 

It is very probable that all the species of Glossiiiii are piipiparous, 



Fig. 79. — Pupa of Zululand Tset.sk-Flv. (Aktkk Au.sxen.) 

A. Dorsal aspect (xb). 13. Anterior extremity, showinj; biliircaied longiiiuiinal seam 

which opwns to permit the escape of the imago (x 5 ^). C. Posterior extremity, 
showing pit and right larval stigma 5 ( x lO) 

but this ha^ not yet been definitely established in the case of some 
species. 

[The pupa of GLpulpctlh varies in length from 5:{ millimetres to 
fii' millimetres, and in greatest width from 3 to 3J millimetres. In 
general appearance it closely resembles that of the Zululand tsetse 
(see Fig. 79), but on closer examination slight differences are dis- 
cernible, ‘ The tumid lips on the last segment are much closer 
together in the pupa of GL palpalh than in the Zululand tsetse, the 
space between 4 hcm being reduced by quite one half, while the lips 
themselves are somewhat larger, and covered with sparser, and 
therefore more conspicuous, granules’ (Austen). Other minor points 
of difference are present, and Austen expresses the opinion that, did 
we but know them, all the species of tsetse -flies might bo dis- 
tinguished in the pupal stage by* the characters of the last segment.] 
[Amongst the recent publications upon the habits, anatomy, etc., 
of the tsetse-fly may be mentioned those of Austen,^ ‘ Supplementary 
‘ [Austen, Bni, Med. Journ.^ September 17, 1904.] 
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Notes on the Tsetse-Flies,* from which the above account of the pupa 
of Gl.palpalis is taken ; of Giles,’ ‘ Anatomy of Stomoxys and Glossina *; 
of Stephens and Newstead,^ ‘ The Anatomy of the Proboscis of Biting 
Flies *; of Minchin,® ‘ The Anatomy of the Tsetse-Fly (Gl. pdlpalis) 
of Sander,^ ‘ Die Tsetsen of Koch,*^ and of Dutton, Todd, and 
Newstead.]^ 

The tsetse-fly appears to be limited to tropical Africa.^ It is 
found between 13'^ N. Lat. — in Senegambia, on the Shari, and 
possibly, if James Bruce really saw the tsetse, on the confines of 
the Sudan and Abyssinia — and 26® S. Lat. Austen’s map shows 
it to be particularly prevalent in the river-basins of East Africa, 
but that is because the fly is better known in these regions, to which 
the attention of explorers and sportsmen has been particularly drawn, 
especially the basin of the Zambesi. Nevertheless, recent accounts 
appear to show that the fly is no less prevalent in the river-basins of 
West Africa. 

[Many of the recent observations on the distribution of the tsetse- 
flies in various parts of Africa have already been referred to (see 
especially Chapters VL and XII.). Amongst others, the following 
publications may be mentioned : that of Laveran,""* on ‘ Sleeping 
Sickness’ and * The Distribution of the Tsetse-Flies in Various Parts 
of French West Africa and the Congo Free State* — species of 
Glossina were obtained from Senegal, French Guinea, French 
Sudan, French Congo, and the Congo Free State; of Major Smith,'* 
on the occurrence of GL palpalis in Sierra Leone ; of Balfour and 
Neave,”* on the distribution of GL morsitans and GL palpalis in the 
Anglo - Egyptian Sudan, and the occurrence of the former as far 
north as 12° N. Lat., in South Kordofan ; of Nabarro,“ Greig, and 
the later members of the Sleeping Sickness Commission, on the 
distribution of tsetse-flies, especially GL palpalis, in Uganda and 

1 [G. M. Jount, Trap, MetLs v. 9, 1906.] 

* [Slephens and Xewstead, Liverpool School of Tropical Medicine, Mem. iS, 
1906, pp. 5374-] 

2 [Minchin, Proc. Roy. Soc., Series B, v. 76, 1905, pp. 531-547 ; reprinted in 
Sleeping' Sickness Commission Report, No. 8, 1907, p. 106.] 

^ [Sander, Arch./. Schijls it. Tropenhyg., v. 9, 1905, pp. 193, 254, 309, 355.] 

^ [Koch, Deutsche med. IVochenschr., No. 47, November 23, 1905.] 

“ [Dutton, Todd, and Newstead, in the Annals of Trap. Med. and Parasitology, 
Liverpool, v. i, No. i, 1907, pp. 54-75O 

' [Captain Carter .Vied. Journ., November 17, igo?!), p. 1393) records the 
capture of tsetse-flies in South Arabia on October 10, 1903. The fly has been 
identified by Newstead as GL tachinoides, Carter slates ^that it ‘does not 
depend for its existence on the big game, for, excepting gazelle, nothing else 
frequents the belts of bush which it haunts.] 

[Carter’s observation is very interesting, because it disproves the belief that the 
tsetse-fly does not occur beyond the African continent.] 

^ [Laveran, C. R. Soc. Riot., v. 59, 1905, p. 332; C. R. Acad. Sciences, v. 139, 
1904, p. 65S ; V. 140, 1905, p. 75 ; V, 141, 1905, p. 929.] 

[Smith, R.A.M.C. Journ,, v. 5, 1905, p. 692.] 

[iialfoiir and Neave, Second ReporLof the Wellcome Research Labor,, Khar- 
toum, 1906, pp. 29-32, with a map; sec also Brit, Med, Journ,, June 17, 1905. | 

“ [Nabffrro, Greig, etc., Sleeping Sickness Commission Reports, Nos. 5, 6, 
and 8, 1905-1907.] 



THE TSETSE^FLIES 


517 


the East Africa Protectorate ; of Austen/ on ‘ The Distribution of 
the Tsetse-Flies*; of Dutton, Todd, and Xewstead,- on the wide 
distribution of tsetse jflics in the Congo Free State, and the 
description of a supposed new species, which Newstead calls Gl. 
maculata ; of Carlos Franca, ^ on a ‘ New Species of Glossina from 



Ffg. 80.— External Mol'Tii Parts and Pijarvnx of Gh^sina niorsiutns. (After 

FfANSEX, IN AL'STEN.) 

l.i. Labium (inferior). Ji. Hypoph.Trynx. Ls. l.abiutn superior, or labrum. /. I'.asal 
part of left maxillary palpus, b. First segment of the labium (bulb of the proboscis). 
p.Ji, Pharynx. 

Cazengo, Angola, to the North of the River Coanza’; of Wellman,^ 
on ‘Trypanosomiasis in Angola,’ and the description of a new 
subspecies of Gl. piilpahs ; and of Yale Massey,’’ on the occurrence 



Fid. Si. — Gro.s,^/.\\i r u.r.ius (Aftek Austen.) 

of sleeping sickness and of GL palpalis on the Lualaba River, 
Central Africa.] 

[Lastly, reference has already been made to the interesting fact 
that tsetse-flies {GL tacliinoidcs)hviy(i been found in South Arabia.] 

The genusf Glossina was created in 1830 by Wiedemann for his 
species GL longtpalpis. It belongs to the order Diptcra, or two- 

^ [Austen, S/eeping Sichiess Commission Report^ No. 6, 1905,’ pp. 278-282, with 
map.] 

[Dutton, Todd, and Newstead, op, d/., 1907, pp. 54-75, with map.] 

® [C. Fr:in(;ii,/ormi ile Sciencias Matlu^ Phys,^ c Natnracs^ 2nd Series, v. 7, 
No. 27, Lisbon, 1905, pp. 134-136.] 

^ [Wellman, Journ, of v. 6, ptirt iii., 1906, pp. 237-245 ; and Annals and 
Magazine of Natural History^ September, 1906, pp. 242-244.] 

® [Yale Massey, Lancet^ August 4, 1906, p. 296, and March 30, 1907, p. 908.] 
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winged flies, and is a member of the family Mmcidce (used in the 
narrower sense), which comprises the genera Bcccartmyia, Stomoxys^ 
Hivmaiobia^ Lypcrosia, and Crlossina, all of which are blood-sucking 
insects. By the venation of its wings, the ramification of the hairs 
of the arhta^^ the bulb at the root of the proboscis, the conformation 
of the male genital apparatus, and, lastly, by its pupiparity, the 
genus Glossinu occupies a unique position among this group of 
insects. 

Austen gives (op, cit., p. 6o) the following diagnosis of the genus : 

Glossina, Wiedemann, 1830 ( = Robineau-Dcsvoidy, 

1830). — Narrow - bodied, elongate^ dark greyish - brown or ycllo’idsh- 
brown, dull-coloured Jlics, ranging in size from jl millimetres- in the 
case of a small specimen of Gl. morsitans, Westw., to 12 millimeircs 
tn that of a large female of Gl. fusca, Walk, ; recognisable when 
alive and at rest by the wings being closed Jlat one over the other above 
the abdomen (beyond which they project considerably), instead of divaricate 
(as in the case of Stomoxys), or tectiform (as in Hajmatopota), and by 
the proboscis proboscis cnshcathcd in the palpi), which in length is 
equal to the thorax without the scutcllum, projecting horizontally in front 
of the head; palpi, as seen in the natural position, extending slightly 
beyond the proboscis, their inner sides gnurecd so as to form a sheath fur 
the latter, to which in life they arc applied so closely as entirely to conceal 
it ; base of proboscis suddenly expanded beneath into a large ojiion-shapcd 
bulb. (For details of the proboscis, see Fig. 80.) 

The dichotomous table*"* (sec p. 521), borrowed from Austen, 
enables one to distinguish easily between the eight spticies of the 
genus, except perhaps between Gl. longipalpis and (//. morsitans:^ 

[The recently described new species (?) and subspecies are the 
following: Gl. decorsei (Bruinpt), Gl. bocagei (Fran(ja), Gl. macnlata 
(Newstead), and GL palpalis wcllmani (Austen).) 

Glossina decorsei . — In icjo.j Brumpt^ described, under the name of 
Gl. decorsei, a species of tsetse caught by I.^ecorse in the Shari basin 
and on the shores of Lake Tchad. It is a small fly, the males measuring 
7’33 millimetres and the females 8*27 millimetres in length. The colour 
of the abdomen is like that of Gl. morsitans : the median dorsal longitudinal 
band is well marked, dull yellow in colour, broad on the second segment, 
but getting gradually narrower on the third, fourth, and fifth segments, 
and only a narrow line on the sixth segment. 'I'he transverse interrupted 
stripes are very dark in colour and occupy the anterior four-fifths of each 

^ The appendix to the terminal segment of the antennae. This is the only 
visible pan of the antenme in the dillerent figures of G/oss/na reproduced here. 

- [Length measured from the face to the end of the abdomen, excluding the 
proboscis and wings ( Austen).] 

' [The table given in the original has been amplified so as to include the 
eighth species (G/. /in/ii/wides) now recognised by Austen, as well as a few minor 
details which he gives in his * Revised Synopsis of the Species of Glossina^ in the 
‘ Suiiplementary Notes on the Tsetse-Flies '*(/>>//. Med. Journ., September 17, 
1904), previously quoted.] 

Austen says that the most characteristic distinguishing features between these 
two species are furnished by the hypopygium in the male. (See table on p. 521.) 

BrumptJ C. R. Soc. lUoL, April 16, 1904, p. 628. 
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segment, so that the extreme hind margin of each segment is pale or 
cinereous, and crosses the median longitudinal hand at right angles. 
There are circular black patches on the second abdominal segment. The 
hind tarsi are black, whfch makes this new species allied to GI, palpalis. 
Indeed, specimens caught by Decorse and presenting tlie above char- 
acteristics were examined by Austen, who stated that these Hies were 
undoubtedly Gl. palpalis \ar. lachinoidesj Westwt^od. (Letters of April 8 
and 13, 1904.) t 

[Since then, however, Austen has had tlic opportunity of examining 
many more specimens of this fly, and has come to the conclusion that 
GL tachinoidcs, Westwood, is a distinct species. Moreover, ‘ an examination 
of some of Decorse’s specimens shows,’ says Austen, ‘ tliat the supposed 
new species (G/. decorsei) is in reality none other than GL tachinoidcs. West- 
wood.*] 

[Glossma hoca^ci, — The following is the description given by Fran(^a^ of 
this supposed new species, which came from Cazengo, Angola. Length 
of body, 8‘5 millimetres ; of specimens filled with blood, 1 1 inillimetrevS. 
Length of wing, 8 millimetres; wing-expanse, 19 millimetres. Thorax, grey, 
the anterior segment lighter, with brown S])ots. Abdomen brown, w’th a 
longitudinal yellowish line well marked in the second, third, and fourth 
segments; less marked in the tifth, and hardly visilde in the sixth and 
seventh segments. The posterior borders of tlui abdominal segments are 
not pale. The legs arc amber-coloured, except the hind tarsi and the kist 
two joints of the middle pair. There are no dark patches on the anterior 
tarsus. 'I'he third joint of the antenna; is uniformly yellowish ; the second 
joint is brown.] 

[Austen has examined the typical example of GL hoca^ei, Franqa, and, 
after comparing it with the type of his GL palpalis u'cUmani^ he has come to 
the conclusion that GL hoca^ci\^ merely a synonym of GL palpalis u^cllmani, 
(Letter of September 25, 1906,)] 

[Giossina maciilata (Newstead).- — I'his is the name given by Newstead to 
a fly (a somewhat imperfect specimen of a female) caught at Ghuinbiri, on 
the Congo River. Mis original description is here reproduced.] 

Geneval Appearance , — Very dark brown; posterior surface oihead 
cinereous, .spotted with l)lack ; thorax dark brown and faintly cinereous 
in places, with elongated transverse black spots ; pleura;, coxa', and 
femora cinereous, with conspicuous black s])ols ; first and second segments 
of hind tarsi black. (T)ie renuiining segments wanting.)] 

Female.— Head with the frontal stripe rich oclireous brown; frontal 
margins and ocellar spot bright yellowish-white to pale ochreoiis ; ocelli 
black; posterior surface of liead cinereous, K'ith larf^c laclLdeJined ivregiilav 
black spots. Anicwuc dull red-brown in front, sides with a cinereous 
surface; arista dull reddish-brown. Palpi blackish above, paler beneath. 
lUilb of proboscis dark castaneous, shining. Thorax dark brown and 
cinereous, with numerous irregular elongated black spots placed trans- 
versely ; anterior angles pale, brown. The scutellum spotted like the 
thorax, margin pale brown ; ]>leura; cinereous and pale brown, with 
numerous irjegular and more or less confluent Idack spots. Abdomen 
very dark brown ; the narrow basal segment cinereous, with numerous 
black spots ; the broad second segment, with the large median area, the 
anterior angle, and broad hind margin, cinereous with black spots; the 
remaining segments, with the exception of the last, with a narrow well- 
defined median stripe, and hind margins narrowly cinereous ; lateral 
margins of segments three to ijve, with a cinereous triangular patch ; the 
hind margins with an occasional moire or less obscure black spot, with 
the exception of the sixth, w’hichdias a regular series of ten or eleven on 

^ [Franqa, see footnote p. 517.] 

-.[Newstead, An/raF of Trap. Med. ami Parasit., Liverpool, v. i, 1907, p. 73.] 
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the grey cinereous band ; last segment darker than the rest, with a lateral 
greyish spot, in the centre of which is a small black one. Legs : All the 
coxa^ cinereous and pale reddish-brown, with numerous more or less con- 
fluent black spots ; hind femora, with the basal third and apex, pale red- 
brown, the rest faintly cinereous, with a few large, faint, dull brown 
blotches ; anterior and hind tibiae pale brown, mid tibiae slightly darker, 
with, in some lights, faint indications of dark spots ; anterior tarsi and first 
segment of the mid palie brown; first and second segment of the hind 
tarsi dark brown. (The remaining segments of the hind and mid tarsi are 
wanting.) Wings uniformly brown.] 

[* Length, exclusive of proboscis and with the abdomen somewhat 
curved, 9 millimetres ; length of wing, 9 millimetres.’] 

[Newstead states that ‘ this species may be readily recognised from the 
other species of the genus by the curious spotted or mottled appearance of 
the thorax, pleura^ and femora. To the naked eye it looks like a dark 
specimen of GL palpalis^ bin a pocket lens immediately reveals the peculiar 
markings.’] 

[It is possible that this supposed species, of which only a single 
specimen has hitherto been obtained, may eventually prove to be merely 
a variety of GL palpalis, or, at the most, to be entitled to subspecific rank.] 

[GL palpalis xcelhnani, Austen.' — This subspecies of GL palpalis 
was found by Wellman at Esupua, on the lower reaches of the River 
Katumbela, Angola. It has also been found by Massey on the 
Upper Congo, and we have already seen that GL bocagei, F'rancj'a, 
from the River Coanza, Angola, is regarded by Austen as identical 
with this subspecies of GL palpalis.] 

[‘ The new subspecies may be characterized shortly as follows by 
indicating the points in which it differs from the typical form : 

[* Gl. palpalis ivcllmani (subsp. n., J $ )• — Frontal stripe pale ochra- 
ceous ; thoracic markings much reduced, so that the thorax in a well- 
preserved specimen appears spotted^ the antcro-lateral markings taking 
the form of spots or blotches ; the spot immediately behind the inner 
extremity of the humeral callus on each side small, ovoid, or nearly 
circular, and especially conspicuous when the insect is viewed from 
above and slightly from behind; femora pale, the dark blotches 
much reduced’ (Austen).] 

[Austen adds that the specimens caught by Wellman * are of 
especial interest as being the first recorded examples of any form of 
GL palpalis from Portuguese ^^’est Africa, and as showing that the range 
of the species in question, which has recently been stated by Laveran - to 
occur at Sengaleam (about thirty miles from Cape Verde), extends at least 
as far south as 12® 30' S. Lat. In all probability GL palpalis wellmani will 
eventually be proved to exist right down to the Cunene Kiveif, the southern 
boundary of Angola, if not further ; and it is to be hoped that evidence to 
decide the southern limit of GL palpalis will shortly be forthcoming.’]-* 

* [Wellman, v. 6, IQ06, pp. 237-245 ; also Annals ami Magazine 
of Natural History, September, 1906, pp. 242-244. Also Austen, ibid., Series 7, 
V. IS, April, 1905, p. 390.] , 

[Laveran, C. JL Acad, Sciences, v. 139, 1904, p. 659.] 

[Austen, Annals and Magazine of Natikral History, v. 15, April, 1905.] 
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nagana, 131, 149, 151, 421 
Soemedang, maladic de, 341 
surra, 266-7, 271, 275-6, 280, 422 
Togo virus, 197 
T-sis of, 105, 216 
T. dimorphon, 235 
7'. gambicHsey 382, 387, 421 
T. leioisi, 20, 66, 72, 86, 91 
T-sis, Abyssinia, 202 

Aby^sinian frontier, 207 
Entebbe, 209 
Uganda. 206 
Gu?ine/us vu/j^ar/s, 482 

Hamamaba danitavsKyi, 448 
zicnianniy 43 
Hff:matobiay 219 
I/iemaiomonas, 33 
Hamatomouas i:iin 7 ssn, 480 
cobiiisy 480 

Ifamntopinus spiuulosus, 'V. in, 88 
J/ci-matopofa t 290 

HccmatOKoa, intracorpuscular, of reptiles. ; 
Hicn'.ocytozoa, 42 
Hiemoflagellales, 19 
Htcnwxregarina ba^eusis, 475 
baifoufi, 38 
bi^emiua, 494 
bianchiirdt, 494 
bothiy 495 
caUionymiy 494 
cottis 494 
fleu, 494 
gobii, 494 
iafemtBy 494 
plafesste, 493 
quadrigeminay 484 
simotidiy 491 
spkndenSy 474 

Hoemogregarine in crocodile, 458 
In frog, 475 

Hamoproteus damlewskyiy 441 
majoris, 441* 


Htemopi-oteus tiemanni^ 44t 
Halberstaedter's method, 13 
Halteridlnmy 43, 45. 454 
53 

Ifamster. T. in, 105 

Hapalc pendllatus, T. gambitnse in, 382 
Harporhynchus rit/us, 1'. in, 441 
Hawk, T. mesnili in, 441 

red-shouldered, T. in, 441 
Heat and cold, action of, on trypanosomes, 
V. Action of heat and cold 
Hedgehog, cadoras in, 297 
nagana in. 126 
7 \' gamb tense y 382, 389 
lleidenhain's stain, 11 
Helobdella algira, 'F. in, 474 
Ilemiclepsis, 495. 505 
niarginaia, 504 

Ifetpi fimonas, 25, 32, 36, 37,- 508 
algencnscy 37 
tombyciSy 38 
biiischliiy 99 
Ja Citium, 37, 39 
iemisi, 58 

musiiT-domestictc, 38, 511 
subulalu, 38 
Iferpelosoma, 34 
liippobosca, 202, 225, 228, 290 
mac ii lata, 351 
rujipt's, 350 

Uimdo medic in a Its, Tpl. in, 507 
l/vc/iitit, '1\ in, 505 
lliruti {6 rustica, 'F. in, 442 
flistorical account of I'., \ 
survey of the genera, 31 
Horse, cacleras, 292-311 
dourine, 48, 312 
galziektc, 345 
mbori, 222 

nagana, 28, iir, 151, 170 
serum,- 177 
surra, 247-85 
I'ogoland, 193 
Togo virus, 197 
T-sis in Algeria, 210 
Horses, T-sis in Abyssinia, 202 

in Abyssinian frontier, 207 
in Annam, 286 
in Gambia, 229 
in Somaliland, 201 
T, gambiettse, 382, 390 
and tsetse-lly, 165 
Housc-inartin, T. in, 442 
House-sparrow, 442 
Human serum in nagana, 177 
Human trypanosomiasis, 352 
blood-counts in, 376 
cerebro-spinal fluid, 399 
complications, 381 
Congo State measures, 414 
descrijition of, 369 
diagnosis, 409 
duration, 381 
Gloss in a palpalis, 407 
fish-eating in, 369 
geographical dlstril^tion, 359 
land puncture in, 370. 40X 
istorical, 35a 
influence ot age, occupation, race, sex, 
366 

lumbar puncture in, 399 
mode of propagation, 406 
pathogenic agent, 398 
** pathological anatomy. 391 
predisposing causes, 366 
» prognosis, 410 

prophylaxis. 411, 4T3 
skin eruptions in, 378 
treatment, 41 1, 433 
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Hv®na and nagana, 168 
Hydrochfcrus cafybara, 299, 307 
Ilyla arborca^ T. in, 46a, 469 
later htriga^ T. in, 464, 469 
viridis, 1'. in, 461 > 

Uterus galbula, T. in, 441 
Immunity, active, niude of production, 90 
if inherited, 90 
passive, 93, 96 

immunization, results of passive, 97 
limnunizing serum, nagana, 178 
Incubation period, nagana, 15 
Indian squirrel, T. in, 98 
Infcotion, mode of, in liatrachia, 478 
in caderas, 307 
in dourine, 337 
in fishes, 502 ‘ 

in human trypanosomiasis, 406 
in nagana, 165 
in surra, 278 
natural in rats, 88 
Infectiviiy of trypanosomes, 28 
Inoculation experiments, 15, 187 
Isolation of trypanosomes, 14 
Ixodes tesiudinis^ T. of, 457 

Jackal and nagana, 169 

and T. y;ombiense^ 382, 386 
T-sis of Entebbe, 209 
Jackdaw, 442 

Jaculus gordoni^ and T-sis of Sudan, 204 
onentalis, 266 
jaundice of cattle, 343 
Java srxirrow, 1*. of, 441 
Jay, blue, T. in, 441, 454 
enner's stain, 10 
erboa, surra, 266 

7’. gambienset 382, 389 
Jinja disease, 203, 344 

Kachuga tectum^ T. in, 458 

Kiila-azw, 48, 51 

Karyosome, 51 

Kinctonucleus, 21 

Kingfisher, T. in, ^40 

Kite, Indian, T. in, 442 

Koch's classification of T. diseases, 187 

Koodoo, nagana in, 140, 168 

Labrus^ 482 

Lagonosiicta minima^ 450 
hark and T., 446 
Laniarius cruentus^ T. in, 442 
Laveran's staining method, 9 
Ixjech, morbid phenomena, 507 
Tpl. in, 499, 504 
T. in, 474. 504 

Leishman-Donovan body, 10, 48 
development of, 49 
staining method, 10, 12 
IMshinania donovanit 51 
tropica, 51 

Lemur mongo& and 7*. gtimhieuse, 382, 383 
rubriventer T. js^ambiense, 382 
Lxpadogastcr gottanH, 482 
Leptomonas, 36 
Lepus cunicultts, 'I', in, 104 
Ixuciscus, T. in, 483, 495 
cephalus, 481 

T. in, 483, 495 
erythrophthalmus, T, in, 483 
Tpl. in, 483 
idus, T. in, 483 
Tpl. in, 483 
rutilus, 481 
T. in, 483 
Tpl. in, 483 

Leucocytosoon ziemanni, 43 


Lice, T, /tf7i'min, 88 

Light, action of, after injection of colouring 
agents. 419 

Limanda platessoidcs, T. in. 483, 494 
Lingard on incasuremenls. 17 
Lisso/iagc/Iafa, 37 
Lizards and dourine, 331 
T. in, 458 

I.,oach, T. in, 480, 481, 483, 496 
j Tpl. in. 483, ^01 
j Ij>phius fiscaUrim, 482 
Lota viotva, 482 

vtilgiiris, 'r. and 'I’pl. in, 483 
Lote, 'r. in, 479 
Loxia rocodhraustes, 439 
Lumbar puncture, 399 
Lynodontis sc/iul, 482, 496 

il/abuia raddo/tli, T. in, 458 
A/actzcu^, inoculations, 63 

cytiOMo/otis, inoculation, 331 
and 7\ gambiense, 382, 383 
r/iCius, 129, 236, 382, 383, 417 
siniats, 424 

Alacroues caz'asius, T. in, 483 
scenghala, 'P. in, 481 
tengara, 'F. in, 481 
Macron Helens, 20 
Mai de caderas, 5, 292 
Mai dll coil, 5, 312 
Mai de la Zusfana, 211 
Maladie de Soetnedang, 341 
Malaria of cattle, 343 
Mammals, small, trypanosomes of, 98 
Manioc root, 353 
Marino's stain,' 11 
Mariposa pfiduicatis, 450 
Marmoset and gambicftsc, 382 
Marmot and gamblense, 382, 389 
and nagan.i, 126 
Masai donkey, immunity of, 192 
Mathis' medium, 14 
Mbori, 202, 2TIJ 
dog, 220 
dromedary, 1S6 
guinea-pig, 220 
horse, 222 
rabbit, 220 
rat, 220 
sheep, 221 

treatment, 222, 416, 423 
MeXeal's method, cultivations, 13 
Measurements. Lingard on, 17 
J/t'/fJT /;/ V «i, 'F. O’, I TO 

AUtup/ii/g^/y oviHtts, 38 
Melospiza /aiciita, 'F. in, 441 
Membrane, undulating, 22 
Merula merula, 'I', in, 442 
migratoriu, T. in, 441 
Method for staining, etc., 7 
Billet's, 470 

Brailfonl and Plimmer’s, 12 
Bruce and Xabarro’s, 39S, 409 
( lienisa's solution, 10, 13 
modified, 470 

Gray and 'Fiilloch's, 12, 472 
Ilalberstaedler's, 13 
Heidenhain's, ii 
J enner's, 10 
Laveran's, 9 
Leishman's, 10, 12 
McNeal and Novy'.s, 13 
Miurino's Slain, ii 
Mathis' medium, 14 
Ross's, 12 
Ruge’s, 12 
'FulioclFs, 12 

Methylene blue in treatment, 433 
Microimcleus, 51 
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Milvus govinda^ T. in, 442 
Mimosa folyacantha, 120 
Minchin^s classification. 37 
Miniopterus schreibersii^ T. in, 107 
Minnow. T. in. 483, 495 
Tpl. in, 495. 496 
Mole, T. in, i, 58, 109, no 
Monadidea^ 37 
Monas rotatoria ^ frog. 461 
Monkey, arsenic treatment, 434 
atoxy] tre-itment, 431 •’ 
caderas* 297. 302 
doiirine, 322, 331 

experimental infection, treatment of, 432 

Gambia. 236 

human I'-sis in, 366 

n.igana, 129 

serum, 177 

surra. 266 

treatment, 432 

'r-sis of Abyssini.in frontier, 207 
of Entebbe, 209 
of Sudan. 203 
of Uganda. 206 
T. ffambU’/ist', 358, 382, 421 
Morphology of trvpanobomes, of agglutinates, 
81 

of birds, 443 
comparative, 16 
general. t6 
T. bructd^ 150 
T. dui/oni, 100 
T. of frog, Hong Kong, 476 
T. roiaiorium 471 
'r. in French Sudan, 225 
'r. in tsetse-fly, 156 
/’. vh^ax, 200 
' Morular ' mass. 444 
Mosca bravay 307 
Mosquito, T. in, 43, 30S 
Motella mn stela, 482' 
trie ir rat a, 482 

Nfouse, benzidene dyes in, 426 

caderas in. 295, 297. 302-3, 305, 309, 

431 

colouring agents, 419 
dourine, 322, 327 
experimental T-sis, 428. 431 
galziekte, 345 
mbori, 220. ,222 

nagana, 123, 125, 132, 151, 173, 428 
serum treatment, T74 
surra, 265, 275, 431 
Togo virus, 197 
T-sis, 99, 21 1. 215. 228 
T. dimorphun , 234 
'F. gambiense, 382, 388 
Movement of trypanosomes, 27 
Mugil, T. in, 482, 496 
Mukebi, 204, 205 
Mule, surra in, 247. 252. 279, 280 
T-sis in Entebbe, 208 
T-ses of Uganda, 204 
Mulita, caderas in. 297 
Mullus surmuletus, 4S2 
Mus decumantisy 58. 60, 83, 125 
giganteus, 102 
minutns, loi 
musculus, 60. 99 
nivei venter, 60 
rattus, 58 
rufescens, 58, 60 
spictifus, 102 

sylvaticus, 58, 67, 123, 132 
Musca domestica, 512 
Mitsttlus canU^ 481 
Myocyte layer. 27 
Myonemes, 24, 27 
Myotis murifttis, io 3 , 217 


Myoxus avellanarius, T. of, 107 
glis, 107 

Nagana, 2, 4, 5. iii 
oeiiolft«y, 164 

animals susceptible to. I2i 
Bovidse, 136 
cat, 128, 149, 169 
cattle, 112, 1 14. X17 
diseases allied to, 185 

dog, III, 127, 151, 183 
donkey, 151 
Kquidae, 132 
fox, 130 

geographical distribution, 113 
goat. 138 
goose, 181 
guinea-pig, 131 
hedgehog, 126 
historical, 111 

horse, 28. iii, 118, 151 
human serum, 176 
immunizing serum, 178 
incubation period, 15 
koodoo. 140, 168 
monkey, 129 

mouse, 123, 125, 132,. 151 
experimental, 428-31 
pathologic^ anatomy, 140 

pig. 15. 135. 142. 159 

prophylaxis, 178 
rabbit, 130 

rat, 123, 125, 151 

serum-therapy. 174 

sheep, 1 12, 138, T51 
squirrel. 130 

treatment, 169, 417-9, 421-2, 428-31 
Xuricit ^tas/ta , 299 
Necturns macnlatns, 463, 477 
Negro lethargy, 359 
Neophron perenopterus, 442 
Nepa cinerea, 39 
Nerophis lumbricoides, 482 ■ 

Nesokia providens, 67, 102 
giganteus, 102 
Newt, T. in, 464, 477 
Nicticorax gardenia, T. in. 442, 455 
Nile fish, 'J'. in. 482 
Noke (fish I, T. in, 482, 496 
Novy anti McNeal’s method for cultures, 

13 

Nucleolus, 51 
Nucleus, 16, 20 
Nutria, 297 

Nutrition of trypanosomes, 27 
Nyciipithecus /elinusi 297 

OicGmonadacecc, 36 
Oicomonas, 36 
Ookinete, 42 

Opiocephalus striatus, T. in, 481 
Oriole, Baltimore, T. in, 441 
Orihagoriscus mola, 482 
Osmosis, Goebel on, 27 
Osmotic properties of trypanosomes, 27 
Otter, caderas in, 297 4 

Owl, T. in, 439, 440, 443 
T, noclwe, 24 

Ox, I'-sis of Abyssinian frontier, 207 
of Entebbe, 209 
of Uganda. 206 

Padda oryzivora, 448 
, T. in, 441 
Pagellus centrodon/us, 482 
trythrimis, 482 
* Pantastomina, 37 
Paradoxurus, 288 
Parama'ba eilkardi, 56 
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f\tramai:ioides, 33. 461 
cosUitn^, 461 

Ptirammimn coUatum^ 31, 460 
Liricatum, 31,460 
Passer doinesticus, T, in, 441 

and 7\ avium, 450 • 

Passive imniunity, 03 

inode of production of, 96 
results of. 97 
pelobates fiiscits, 465 
Perea fluviiiHUs, 4S0. 483, 495 
IVrch'. T. in. 479. 483. 495 
Periplast, 20 
Peste de cadeiras, 292 
Petrie, cultivations, 13, 104 
Pneasant, T. in, 442 
Phoxinus Itcvis. T. in, 483. 495, 496 
'rpl. in, 4S9 
PAv/Zomouas, 36 
PhytoliiitZ^Uata , 37 
J^ig, cadenis in, 301 

naganain, 15, 135, 142, 159 
Togo virus, 197 
T-SIS Of,*!2I3 
T, ^^ambiense, 390 
Pigeon, dourine, 33r, 339 » 

1'. in, 440 
and T. avium, 450 
Pike, eNperiinents on, 303 

T. ill, 479. -181. 485 

T*. rnnaki, in, 21 

Pi/'istrel/us pipistrellust T, in, 108 
Piroplasma ranis, 508 
oouovaui, 

Piroplasmosis, bovine , 343 
Piscieoia i^comeira, 499, 504, 505 
Pithecui -saianas and / . j^amhieusi', 3S3 
Piiutibdiiia fti tuis^cra, 473* 

Plaice, r. in, 493 
P/a/essa murcu tpAa/j, 482 
vu/i{<iris, 482, 483, 493 
Plafophrys latcrua, T. in, 483, 494 
Piatythcc'a, 36 
PUuroncctes, 482 

Jlcsus, 482, 483, 493 
PMminers method, £2 
/ V >lym asti^ in a, 37 
pQiyncm iti^ in/cctiosa ei/uorum, 321 
Ptnyplcctkum yermani , T. in, 442 
Poiypterus, 'T. in, 482, 496 
Posirion of the trypanosomes, 35 
Posterior chromatic body, 51 
* Precipitin’ reaction, 190 
Precipitinogen, 150 
l*ieservarioii of trypanosomes, 29 
of birds, 444 
of fishes, 484 
of T. bnicd, 136 
of T. e<}uinum, 304 
of T, eqitiperduin, 334 
of I\ evansi, 275 
of T. yambiane, 404 
of T, lewisi, 74 
of T, pad da', 449 
of T. theileri^ 348 
Protomasfi^ina , 36,^7 
Prototnoi/ai/ina, 36 
iVotoplasin of trypanosomes, 19 
Pferopus niedins, 'P. of, 108, 109 
Pytelia SHbflava^ 451 
Python, T. in, 459 

Rabbit, atoxyl treatment. 421 
caderas. 292, 30a 
colouring agents, 419 
dourine, 322, 329, 536, 338-9 
galziekte, 345 
mbori, 220 

^nagana, 130, 149, 151, 169 


Rabbit, Soeinedang, maladie de, 341 
surra, 255, 266, 267, 271-2, 279 
'logo virus, 197 

'P-sisin, 67, 74, 103, 213, 215, 287 
of Kmcbbe, 209 

of Somaliland, 201 * 

of Tganda, 206 
T. dimurphon, 235 
T. eviinsi, 422 
T. gambiense, 382, 387, 421 
Radium, action of, 76, 419 
Raja alba, 482, 492 
elavaUi, 481, 4Cy2 
mucrorynchus, 481, 492 
nUi'roecUala, 482, 492 
mirrhtftts, 482, 492 
nv^saica, 481, ^92 
i 481 . 492 

I Ranu auyalcnse, 463. 475 
I en u tenia, 461. 465. -467. 473 

lempin ariii, 4.62 
1 thi ilcri, 463, 475 
trinoJis, 468 

Rat, cadcras, 296, 302, 306. 308 
colouring agents, 119 
dourine, 322, 327 
expcririKMital infection of, 61 
treatment of, 432 
i gal/ieku*. 345 

human T-sis, 366 
mbori, 220 

nagana, 123, 125, 141, 149, 151, 171 
natural modes of infection in, 88 
parasite peculiar to, 58. V. alhO T, kieisi 
\ surra, 266, 271, 276, 280, 281 

'logo vitas, 197 

'I’-sis ill, 2, 3, 7, 8. r.|, 25, 58-9, 60, 6i'2, 
65, 211, 215. 287 
of Abyssinian frontier, 207 
of Cameroon. 199 
of Eiitchlie. 209 
of Somaliland, 201 
I of l-'ganda, cco 

j T. iV/oY/, 421 

i T, dimvrphon, 233 

'J\ h.Uiisi, 15, 2 1, "28, 30, 6 r, 68, 77, 88, .94 
I r. i‘amb/t:n.,e, 357. 382, 387. 423 

ircattncm, 432 
I T. ugandense. 357 

j Rat -louse, '1', in, S3 
5 Raven, Indian, T. in, 440 
Ray, I', m, 181, 492 
Red-eye (fish). 1*. in, 481, 483, 495, 496 
experiments on, 503 
Redwaier fever, 343 
Reptiles, 'r. of, 3, 457 
Rhipifcphitlns sanguiueits, T. in, 508 
Rhizomasfigina, 36 
Rhombus L^vti, 483 
maxim ns, 482 

River bull -heads, experiments on, 505 
T. in, 483 

I Roach, 481. 483, 495 
j Robin, T. in, 4.;! 

Reckling, '1'. in. 479 
j Roller-bird, T, in, 440, 443 
j Ross's method, 12 
Rndd. Rfd-eye 
Ruge's method, 12 
Ruminants, dourine in, 330, 336 

Saccabranchus fossilis, T. tUf^ 483, 496 
Salma jario, 'T. in, 479 
Tpl. in, 483. 501 

Scardinifts erythraphthalmus, 481, 483, 495, 496 
I'pl. in. 495 
Schleim-cysicn, 511 
Sciurus grisdniiiu Its, T. in, 130 
palmarum, 1'. of, 103, 106 
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Sciurus vn/j^a/is, T. in, 130 
Scoie^Aaj^us carolinm, T. m, 441 
Scomber scomber^ 482 
Scyltium caniculi, T. in, 481, 492 
Stella rc^ T. in, 481, 492 
Sections, staining of trypanosomes in, 12 
Sen/ius canarius, 450 
meridionalh^ 450 
Serum, animal, in nagana, 177 
chimpanzee, 177 
diagnosis, 189 
fo\^l, 16a, 177 
frog. 473 
goat. 162, 177 
in surra, 283 
on T. grayi, 510 
goose. i6a, 177 
horse, 162, 177 
human, in nagana, 177 
in surra, 283 
in treatment. 95, 245 
and T, ^ambieuse^ 412 
of iinmunizcd rats. 93 
of monkey, 177 
of pig, 162, 177 
of rat, 162 
of sheep, i6a, 177 
Serums, action of, 417 

on 7 . padiitc, 431 

Sexual forms of T., 42-IJ4, 88, 156, 348, 403, 
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of 1 pi. , 499, 5 u 6 
Sheep, caderas in, 301, 306 
dourine, 336 
gaidekte, 345 
inbori, 221 

nagana, 112. 138, 151 
surra, 269 
Togo virus, 197 
T-ses of Cameroon, 199 
Entebbe, 209 
Uganda, 206 
7\ dimorplumt 239 
7’. ^ambieme^ 382, 389 
Shrike, red -breasted, 'I', in, 442 
Si alia sialis, T. in, 441 
Sigui t(.>gu(': (dies), 226 
Silurus clarias^ '1'. in, 482, 493 
glanis^ T. in, 483 
Sleeping sickn^.ss, 352, 371 
Snake, dourine, 331 

Sodium arsenite, 95, 169, 245. V. also Arsenic 
Soeinednng, maladie de, 341 
Sole {Solea vulgeiris)^ T. in, 481, 491 
Somaliland, 'I'-sis of, 201 
Sorex ca ru/cus^ 102 
Souma. 115, 186, 202, 205. 223 
Souniaya. ' Same as Souma 
Sparrow and dourine, 331 
English, T. in, 441 
song. T. in. 441 
Specific agglutinins, 85 
Spermophile, T. of, 106 
Spennopkilns "uttatus, T. of, 106 
musivMS, 'r. of, 1 06 
Spinachia vulgaris, 482 
Spinus trisiis, T. in, 441 

T. laverani in, 454 
Spirillum duttoni, 46 
obertneieri, 46 
Spiruchetla , 37, 45, 442 
evausi, 247 
obermeieri. 46 
pallida^ 47 
plicatilis, 47 
refringens, 46, 47 
ziemannif 44, 454 
Spleen extract in treatment, 418 
Splenomegaly, tropical, 48 


Springbok, nagana in, 139 
Squalius cephalus, 481, 483, 495 
Squatina angelus, 482 
Squirrel, Indian, T. in, 98, 103, 106 
nagana in, 130 

Staining irAthods, 8. V. Method for staining 
Starling, 442 

Stegomyia fasciata, 37, 107 
Sterlet,' T. in, 479 
Stickleback, 481 

Stomoxys, 38, 186, 200, 202. 210, 319, 225 
caicitrans, 279, 307, 512 
geniculatus, 253, 280 
nebulosa, 307 
nigra, 'zrju 

Strepsiceros capensis, nagana in, 140, i68 
Strychnine sulphate in sleeping sickness, 435 
Sudan, Anglo- ICgyptiaii. 'I'-ses of, 203 
French, 'F-ses of, 219 
Surra, 2, 3. 246 
iftiology, 278 
animals susceptible to, 254 
bat, 109. 266 
Ilovidir;, 257. 281 
bulfalo, 248, 251, 257-8, 281-2 
camel, 247. 261, 281 
cat, 268 
cattle, 247, 279 

dog, 254. 258. 261-4, 274, 279, 280 
donkey, 250, 279 
eiephant, 261 
Equida^, 2^6, 257 
geographical distribution, 246 
goat, 269, 270, 275, 277 
guim?a-pig, 266-7, 271, 275-6, 280 
horse, 247, 249, 2502. 254-5, 275, 279, 
280-1 

jerboa, 266 

mode of infection, 278 
monkey, 266 
mouse, 265-6, 275 

expefimentai treatment in, 422-3, 
43 * 

mule, 247, 252. 279, 280 
pathogenic agent, 272 
pathological anatomy, 271 
prophylaxis, 282 

rabbit, 255, 266-7, 271-2, 279 
rat, 266, "271, 276, 280, 281 
sheep, 26 c^, 270 
treatment, 282, 422-3, 43r 
Siitoko, 205 

Swallow, 'F. in, 440, 442 
Sylvia alricapiila, 440 
Syngnalkiis, 482 
Synkaryon, 53 
Syphilis, organism of, 47 
Syrnium aluro, T. in, 439, 444 
Tabanidoe, 186, 20fj, 202, 219, 307 
Tabanns, 225, 228 
dorSiKfitta, 4r)ij 
glaiicopis, 38 
liueola, 278 
nemornlis, 219 
tergestinus, 38, 39 
lomentosus, 219 1, 

tropicus, 278 

Tachyphormus ornata, 'F. in, 442 
'Fadpole, 'J'. in, 462 
Taher (horse disease), 218 
7 'alpa europea, 'F. of, no 
Tatusia hybrida, 297 
Technique, 7 
Tench, T. in, 479, 481 ■ 

Tec/udo elongaia, 289 , 

Therapeutic measures, of, 425 
reactions (chrptno^ 190. 

Theropithecus gelada, 295 . 

Thiroux's cultivation, 13,‘Xbo 
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Thrasher, brown, T. in, 441 
'riiriish, song, T. in, 442 
Thyroid tabloids in treatment, 434 
Tibarsa, 246 

Ti»<'a tinea, T. in, 480-1, 489 I 
vutgaris, T. in, 483 
'Vpi. in, 483 

Tmerdjin (horse disease), ai8 
Toad, T. in, 464, 477 
Togo virus, 196, 197 
Togoland, T-ses of, 193 
Torpedo torpedo, 482 
Tortoise, Asiatic, in, 457 
mud, T. in, 457 
Trachurtts trachurus, 482 
Tragaroi in treatment, 434 
7 'ragelaphus scriptus sylvaticus, 140.168 
Treatment, 415-38 

arsenic compounds, 420 
arsenious acid, 434 
aioxyl, 416, 420, 434-8 
attempts at, of T. lewisi infection, 95 
benzidene dyes, 415, 426 
brilliant green, 434 
caderas, 308, 415-6, 422. 431 
chrysoidin in, 416 
cultures of organisms, 41S 
dourine. 338, 416, 422, 425 
Finsen rays, 419 
galziekto, 351 
Gambian T-sis, 245 
experimental, 431 
human 'I'-sis, 41 1, 433, 434-8 
light, 419 

mbori, 222, 416, 423 
methylene blue, 433 
nagana, 169 

experimental, 417-9, 421-2, 428-31 
radium emanations, 419 
serum-therapy, 339 
serums, 417. Serum 
sleeping sickness. K Human T-sis 
spleen extract, 418 
strychnine sulphate, 435 
surra, 282-3 

experimental, 422-3, 431 
T, gambiense infections, exjierimental, 416, 
421, 423-s, 432-4 
thyroid, 434 
tragarot, 434 
Irypanred, 415, 420, 434 
X rays, 76, 159, 4*9. 434 
Treponema pallidum, 46, 337 
Treron ea/va, T. in, 442 
Trichogaster/iisciati/s, 1'. in, 481 
Trichomonas (Donue), 33 
in fowl, 440 
infestinaiis, 17 
'd'riglir^ 482 
Trilobus gracilis, r)9 
Triton vulgaris, 465 
Troglodytes ii don, T. in, 441 
Trophonucleus, 20 
Trout, T. in, i, 481 
Tpl. in, 501 
T ru tta fa Ho, 481 * 

Trypanomonas, sub-genus, 34 
Trypanomorpha, of Woodcock, 26 
Trypanophis, 24, 26 
Trypanoplasma, 16, 24, 481 
ahramidis, 490, 501 
barbel, in, 495. 501 
barbi, 501 

Barbus fluviatilis, in, 483, 501 
borreli, 18, 24, 48^ 496, 506-7 * 

multiplicatioii Ibvtns in, 502, 506 
Box bobps, in, 501 ' : 

bream, in, 501 , ' 

carp, in, 499 


Trypanoplasma , Cobit is harbalula, in, 501 
Coitus gobio, in, 483, 501 
Cyclopterus Inmpus, in, 501 
cyprini, 483, 488, 499 
development of, 506 , 

description, 26 
evolution of, 499 
fishes, of, 496 

guernei, description of, 501 
intestinalis, 482, 501 
leech, in, 499, ^04 
loach, in, 501 
minnow, in, 489, 498 
new genus, 35 
Phoxinus lavH, in, 496 
Piscicola gcomefra, in, 499 
Siihno fa rio, in. 4S3, 501 
trout, in, 501 
iruttu', 501 
variunt, 501 
ventrii ith, 501 
Ttypanosoma abramis, 4S9 
y 4 bra?nfs brama, in, 481 
Acerina ternun, in, 483, 49^; 

vitlgarii, in, 480 
aceritiff, description, 495 
African dove, in, 442 
description, 455 
Aj;e/ains p/i.f nireus, in, 441 
American goldfinch, in, 441 
Anguilla vulgaris, in, 481, 490 
Athene brama, in, 440 
noitua, in, 42, 445 
avium, 23, 439, 441 
canary, in, 450 
cultural characteristics, 453 
description of. 444 
minus, 442 
badger, in, ito 
bagara (6sh), in, 482. 496 
Bageus bayard, in, 482, 496 
balbianii, 34 
Baltimore oriole, in, 441 
bandicoot, in, 67, 102 
bandicotti, to2 
barbatuht , description, 496 
barbel, iu, 479, 483, 495 
harhi, description, 495 
Barbus j! nviatiiis, in, 483, 495 
bat, in, 107 
Bairachiii. in, 1, 460 
belli (n. sp.), description, 477 
birds, of, », 2, 3. 7, 439 
cultivation of, .443 
morphology of, 443 
relation of, to other blood parasites, 
454 

Sudan, 455 

table of dinu'tisions, 447 
blackbird, in, 442 

red-winged, in, 441 
rusty, in, 441 
blackcap warbler, in, 440 
blanchardi, description. 107 
Bleunius pliolis, in, 483, 494 
bluebird, in, 441 
borreli, 458, 464, 469-470 
bothi, description, 495 
Bothus rhombus, in, 483, 495 
boueii, description, 458 
bream, in, 481, 489 
brill, in, 483, 495 
brown thrasher, in. 441 
brucei, 14, 17, 18, 19, 20, 24, 25, 38, 74. 
T12, 121. 147, 167, 199. V, also 
under Nagana 
agglomeration, [61 
atoxyl, .(21 

attenuation of virus, 181 

34—2 
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Trypanosoma brucd, compared with 7 *. evansit 
^73 

cultures, 159 
involution forms, 163 
morphology of, 15O 
mukiplicaiion forms. 133 
nucleus of, 20, 21 
preservation of, 156 
staining of, 152 
r>u/o retirulaius, 477 

viriiih in, 4^55 
bull-head, river, iii, 4S3 
liu/eo Hneaius, in, 441 
callvmymi^ description, 494 
Callionyrnus draciinculus^ in, 483, 494 
camels,' in, 2, 3, 115, 201, 219, 247, 261, 
281 

carassii^ 480 

Carcssius anratus, in, 4S8 
vnlj§iiris, in, 480, 4S3 
castellaniL 355 
cat, in. K. Cat 
cazalboui^ .n 3 , 225, 227 
chaiViiich, in, 440. 442 
characters of. 23 
CheitJoa ttrb/oa, in, 442 
christop he) si , 508 
chub, in, 483, 495 
clari>€, 482 

description of, 493 
cobiiis, 4S0 

Cobitis bo rbatula, in, 480, 496 
in. 4S0 

Colaptus an) aiusy in, 441 
comparative study of, j6 
console)) se, 1 16 
costaiuni, 463 
cottiy description, 494 
Cottus bubaliSy in, 483, 495 
^obioy in, 483, 495 
crane, in, 439 
crocodile, in, 459 
culicisy 508 
Cftnicitli, 103 

Cyanocitta cristaUiy in, 441 
Cyprinui carpioy in, 48C-1, 483, 488 
dabib (hsh), in, 482, 496 
da?nvni(e, description, 457 
tlanUeivskviy 482 
description, 488 
dciai^eiy description, 494 
DUmyt'tulus viridescenSy in, 464, 477 
dimoiphoHy i 3 , 19, 23, n6, ii 3 , 203,226-7, 
229, 240. V. Gambia, 'I'-sis of 
horses in 

individuality of, 243 
dog, in. r. dog 
dogfish, in, .^Bi, 492 
dogtick, in, 5(^8 

donkey, in. F. Ass and Donkey 
dormouse, in, 107 
dove, mourning, in, 441 
dromedary, in, 5. 214, 219 
Dryobates vUlosuSy in, 441 
dn/ioni, 20, 99 
eberi/iiy 34, 4.40 
. eel, in, 48T, 490 
egret, in, 442 
eleyram^ of frog, 463 

of gudgeon, description, 495 
F.mberiza litrinella^ in, 442 
English sparrow, Jn, 441 
Eqiiidio, in. 2, 3. 58, 132, 292 
et/uinumy 19, 21, 292, 303 
equiperdufn, 15, 152 
cultivation of, 335 
in dourine, 3x2, 332 
Fspx Indus, in, 479, 480-1 
Kslrdda estrelda^ 10,445 


Trypanosoma evansi, 18, 19, 74, 117, 223, 246, 
272 

compared with brucei, 273 
treatment, 422 
held-n^use, in, i, 58 
fishes, m, i. 2, 3, y, 25, 27, 28, 33, 479 
grouping of, 505 
mode of multiplication of, 502 
Jlesi, description, 493 
Flestis vu/i^aris, in, 483, 493 
flicker (bird), in, 441 
flounder, in, 4S3, 493 
Fringilla orkbs, in, 442 
frog. V. frog and Rana 

T. rota tor him of, 20, 21, 28, 31, 465 
gambiense, 19, 23, 29, 38, 243, 352, 401. 
V, also Muman I'-sis 
and atoxy], 42 c 
cat, 382 
cattle, 391 

Cehus caput inus, 382 
Ccrci pitheens fnliginosus, 382 
chimpan/,ee, 382 
cow, 382 

Cynocephahts sphinx, 382 
descri|)tioti of, 40X 
dog. 382 
donkey, 3S2, 390 

expt'rimental infections, treatment of, 
416, 421. 423-5, 432 
goat, 389 
guinea-pig, 382 
llapitle pendlltitu^, 382 
hedgehog, 382, 389 
Iiorse, 382, 390 
jackal, 382 
jerboa, 382, 389 
Lemur, 382 

mougi'Z, 382 
ritbriz'cnlcr, 382 
.\facac.us cynomolgus, 383 
rhesus, 383 
marmoset, 382 
marmot, 382, 389 
monkey, 382 
mouse, 382, 388 
jialhogenicity of, 382 

pig. 390 

FithccfU safanas, 383 
rabbit, 382 
rat, 382 

sheep, 382, 389 
treaimeiu. V. 'IVeatment 
gargur (fish), in, 482, 496 
gecko, in, 458 
genus. 36 

giant, of Lingard, 286 
goat, 67, 238, 244. V. Goat 
goal-sucker, in, 439 
gobii, description, 494 
Gobiojluviatilis, in, 483, 495 
Gohiiis giuris, in, 483 
viger^ in, 483, 494 
goldfinch, in, 440 
granulosum, 23, 483 
description of, 49b 
var. ptirva, 490 
grayi, 509 
green frog, in, 461 
grobbeni, 26 

gudgeon, in. 478, 483, 495 
guinea-pig, in, 105. V. Guinea-pig 
hamster, in, 105 
hairy woodpecker, in, 441 
Harporynchus rufus, in, 441 
hawk, rcd-shoLildef^d, in, 441 
Udobdelia algira, in, 474 
himalayanum, 345 
Hirundo rusiicu, in, 442 
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Trypanosoma^ in horse. V. Horse 
house- martin, in, 442 
-wren, in, 441 
human, 352 

Hyla arborcot in, 469 t 

/aierisirij^a, in, 469 
virii/is, in, 461 
/i tems Ibii la , i n , 4.4 1 

Indian kite, in, 442 
raven, in, 440 
inopinaluni, 462, 475, +78 
description, 473 
Java sparrow, in, 441 
jay, blue, in, 441. 
jay, sp. (?), in, 454 
johtisioni, 18, 23 

description, 443 
in estn lda^ 440 
kaiyozctikion^ 467, 468 
kingfislier, in, 440 
langeronl, description, 495 
Lanianiis cme/itus, in, 442 
lark, and, 446 

description, 494 
laver.iai, 442 

description, 454 

in goldtinch. Spinas /ristis, 434 
leech, in, 474, 304 
leucisciy description. 495 
Lcitciscns^ 483, 495 
icplialnSf in, 495 

leii'isi, 8, 14, 15, 17, 19. 20, 24, 25, 38 
agglomeraiion of, 80 
cultivation of, 13. 76 
diflcreulial chameters of, 73 
ilea, in, 88 

guinea-pig, 20, 66, 72, 86, 91 
lice. 88 
nucleus of, 20 
preservation of, 74 
radium, action of, 76 
rat, in, 15, 21, 28, 30, 6r, 68, 77, 88, 
94 

study ot, 68 
X rays on, 76 

/.Amanda plaUssoidts, in, 483, 494 

limando’'^ d(?scripiion, 494 

lin(;ardi, 345 

lizanl, in, 458 

loach, in, 480. 481, 496 

Um)yocaudenst\ 20, 60 

lonra/nm, 463 

Tota vulgaris, in, 483 

loie, in, 478 

iuh, 47 

Lynodontis schal, in, 482, 496 
jAfabitia raddonii, in, 458 
Alacrones cavasius^ in, 483 
seenghalti^ in, 481 
toii/ara, in, 481 
measurements of, 16 
»z<f«vz, 463, 467 
Mi'tcs taxiis^ of, no 
Melospha fasciata^ in, 441 
A/erula mern/a.^ in, 442 
iniifraioria^ in, 441 
9nesnili, 441 

desciiption, 453 
in /iuteo I meat us ^ 453 
Afilvus ipovinda^ in. 442 
minnow*, in, 483, 495 
mole, in, i, 58. 109. no 
monkey. l'\ Monkey 
niosiiuito, in, 43, 508 1 

mouse. Moyise 

mugil, in. 482, 496 *• 

mule. Mule 
musculi, lot 
myoxi, 107 


Trypanosoma ^ nani/m, 203 
nelspruitense^ 4O3 
description, 475 
Neophron pe re nop ferns, in, 442 
newt, in, 464. 477 , 

. nicolUorum, loS 
Nicticorax i^ardcnia, in, 442 
Nile fish, in, 482, 496 
nociuu, 20, 21, 24, 41, 89, 1O7 
iioke, in, 4S2, 496 
Ophioicphalit^, in, 481 
owl, in, 2.|, 440, 443 
pad da', 441 

action of .serums on. 451 
agglutination of, 449 
cultivation of, 449 
description uf, 448 
inoculation experiments, 450. 453 
Passer domesti CHS, in, 441 
pccaudi, 226 

/^crea Jhtviatilis, in, 480, 403, 495 
perciV, desciiption, 495 
perch, in, 470, 483, 495 
pe.danai, no 
phca.sant, in, 442 
phoxini, description of, 495 
/^hoxinits /(» :■/.', in, 483, 495 
/^hyllcshma, in, 1C7 
pig. r. Pig 
pigeons, in, 440 
pike, in, 479, 481, 4S5 
plaice, in, 483. 493 
pltiti's<t,', description, 493 
/*laU'Ssa vulgaris, in, 493 
/^laiophrys hiterna, in, 483, 49 ^ 
Pleuronecles jh'sns, in, 482-3, 4.93 
plafi'ssu, in, 432*3, 493 
poly p kit ri, 442 

dtjscriplion, 455 
/\HypUctrum yermani , in, 442 
PolypUnts, in, 482, 496 
preservation of, 29 
Pnissian carp, in, 480 
python is, 459 

description, 459 
python, in, 459 
rabinoioilschi, 105 
rabbit. Rabbit 
/^aja clavata, in, 48 r, 492 
mat rorynchu.i, 481, 492 
microcellata , 482 
ntoiaiia, 481, 492 
p.'fVi lata. 481, 492 
rajtr, description of, .^92 -3 
Pa flu auirolt'iisis, in, 463, 475 
i st iilcnfa, in, 461-2, 465. 469 
temporaria, in, 462. 464, 465, 46S 
iht'iUri, in, 463, 475 
trJnoA/s, in, 46S 
rat. /■'. Rat 
ray, in, 481 

red-eye, 111, 48^. 483. 495-f> 
remaki, 18, 21 

description of, 485 
ma^na, 485 
parva, 485 

multiplication forms of, 502 
reptiles, in, 3, 7, 457 
Phipicephalus sanguineus, in, 508 
Rhombus hevis, in, 483. 495 
river bull-head, in, 483 
roach, in, 483. 495 
robin, in, 441 
rockling, in, 479 
roller-bird, in, 440. 443 
rotatorium, 15. 17, 20, 23, 27, 457, 462-4 
466, 469 

cultivation of. 470 
description of, 465 
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Trypanosoma rctatohum^ morphology of, 471 
synonyms of, 465 
var. nana^ 462 
rougeti^ 314 

^ nidd, in. V. T. in red-eye 
* saccodninchit 483 

descripiioii of, 496 
^accabrafu'hus fossili\ in, 483, 496 
sanguinis, 34, go, 461 
description ot, 4'-«o 

Si'ardifiius ervt/irophthiAmus, in, 481, 483, 

' 495. 496* 

Scolephagus t\troliftus, in, 441 
sctirdinii, description of, 493 
scyllii, description of, 492 
Scy ilium cauiculi, in, 48 r, 492 
stellate, in, 4S1, 492 

sexual forms of. / ' Sexual forms of T. 

Hialia sialis, in, 441 

Siiuridc^, in, 496 

miurns clarias, in, 482, 493 

sole, in, 481, 491 

soleu , 18, 21 

description of, 491 
Solea vulgiiris, in, 481, 491 
somaUnse, description ol, 464. 477 
song-sparrow, in, 441 
song-thrnsh, in, 442 
sperniophile, in, igg 
i^piuHS Itidis, in, 441 
Sifttalii, description, 495 
Squalius cephalus, in, 483, 495 
squirrel, in, 106 
sterlet, in, 479 
sub-genus, 34 
suis, .114 

swallow, in, 440, 442 
Syrnium aluco, in, 439, 444 
Tachyphormui ornata, in, 442 
tadpole, in, 462 
Talpa europ^ia, in, 110 
latpu'^ n. .sp., 110 
tench, in, 478, 481 
tlieileri, so, 205, 343 
description of, 347 
Tima linot, in, 480-1, 489 
vulgaris, in, 483 
tinea , description of, 489 
toad, in, 464, 477 
trartsvaalimie, 21, 347, 348-9 
Tretun calva, in, 442 
Ttichogaslet fasciitlus , in, 481 
Troglodytes tcdon^ in, 441 
tseise-flics, and, 2, 4, 26, 38, 156, 167, 

403. 508 

tullochi, description, of, 510 
Tutdus musicus, in. 442 
ngandense, 355, 402 
undulans, 463 
vespertilionis, 107. 108 
wt'fl.v, 28. 73, 117, 199 
infection with, 200 
vulture, Kgypt, in, 442 
yellow-hammer, in, 442 
Zefiaidura macroura, in, 441 
ziemanni, 43 
TrypanosomatidiC, 37 
Trypanoseme fever (sO'C»ll«d). 370 
Trypanosomes, agglutination of, 30 
biology of, 27 
comparative study, of, 16 
cultivation of. /■'. (Juliures 
fishes, grouping of, 505 

mode of multiplication of, 50a 
infectivity of, 28 
mammals, of small, 98 
movement of, 27 
nutrition of, 27 


Trypanosomes, pathogenic, methods of iden- 
tifying, 187 
preservation of, 13, 29 
virulence of, 28 

Trypanosoiyiiases of Abyssinia. 202 
of Abyssinian frontier. 207 
of Algerin, 2io 

of Anglo- li^gyptian Sudan, 203 
of Annam, 286 
of Cameroon, 199 
of Kntcbbe, 208 
of Kryihrea, 202 
of French Guinea, 226 
Sudan, 219 
of Gambia, 219 
of German Hast Africa, 190 
of horses in Annam, 286 
Gambia, 229 
of Somaliland, 201 
of ^‘ogoland, 193 
of Uganda, 204 

treatment of. 415. V, 'i'rcatnient 
'I'rypanosomiasis, human, 352 
Trypanosomidcc, 36 
Trypanosomosis, r 
Trypanozoon, 26, 33 
criccti, 105 
'Frypanred, 6, 95, 173 
in (xideras, 308 
in (lourinc, 339 
in surra, 282 
in treatment, 420, 422-5 
mode of action, 425 
and y*. gambimse, 412 
Trypanroi, 173, 308. I'. I rypanred 

Tumby-a, 292 
Tumby-baba, 292 
Turdus musicus, T. in, 442 
Turtur humilis, 289 
Tseise-fiies, the, 511 

and their trypanosomes, 2, 4, 26. 38, 
156, 167. 403, 508 
and dog, 165 
and horse, 165 
mode of reproduction, 314 
role of, 2 

Uganda, 'I’-ses of. 204 
Undulating membrane, 16, 22 
Unduliua rauarum, 32, 461 

Vacuole, 19 

Value of therapeutic measures in the T-ses, 

425 

Vespertilio kuhli, io3, no, 217 
nattereri, 'P. of, 108 
noctula, 108 

Vesperugo pipistrellus, 'P. of, 108 
serotinus, 'P. of, 108 
Virulence of trypano.somes, 28 
Vulture, Egypt, P. 10,442 

Wildebeest, nagana in, 140, 168 
Woodpecker, hairy, 'P. in, 441 
Wren, house, 'P. in, 441 ^ 

X rays, action of, 419 
in treatment, 434 
on T, lewisi, 76 

Yellow-hammer, 'P. in, 442 

» 

Zebra and T-sis, 192 
jind Togo virus, 197 
Zebus, soumaya of. K S^uma 
iC(naidura macroura, T. 111, 441 
Zeusfaber, 482 

Zusfana, rnal de la, 186, 2x1, 33 
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